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INVESTIGATION  OF  THE  COPKECIPmTION  OF  SULFIDES 


BY  MEANS  OF  RADIOACTIVE  INDICATORS 


H.A.Rudnev^^ 

The  V. I. Vernadsky  Institute  of  Geochemistry  and  Analj'tlcal  Chemistry, 

Acad.  Scl.  USSR,  Moscow 


The  copreclpltatlon  of  various  substances  which,  under  the  experimental  con¬ 
ditions,  should  remain  In  solution,  with  analytical  precipitates  of  low  solubility 
Is  very  common  In  chemical  analysis. 

Copreclpltatlon  Interferes  with  the  preparation  of  pure  precipitates  of  the 
correct  stoichiometric  composition,  and  also  with  complete  seperotlon  of  the 
elements,  where  it  plays  a  negative  port.  This  phenomenon  has  reel  significance, 
since  It  presents  a  possibility  of  separating  traces  of  elements  and  also  of 
studying  the  properties  of  elements  at  very  high  dilution. 

Tt^e  laws  governing  the  processes  of  trapping  easily -soluble  compounds  by  a 
solid  pliase  at  the  moment  of  their  separation  or  formation  have  been  studied 
by  macro-,  micro-  and  ultronlcro-  quantitative  methods.  In  experiments  on  co- 
precipltatlon  on  the  macro  and  micro-scales,  normal  analytical  methods  are  used. 
When  working  on  the  ultramicro  scale,  where  dilution  can  be  of  the  order  of 
mol/llter,  the  methods  already  Indicated  are  not  suitable.  In  order  to  investigate 
the  properties  of  such  small  amounts  of  mater  la  1,  radiochemical  methods  art:  employ¬ 
ed,  which  have  the  considerable  advantage  over  normal  chemical  methods  that  they 
enable  the  properties  of  the  substance  to  be  studied  on  an  unvelghable  amount. 

The  sensitivity  of  radiochemical  methods  Is  very  high.  By  measuring  the  radiation 
It  la  possible  to  study  the  behavior  of  10^ to  10^  atoms. 

Of  particular  significance  in  the-  study  of  copreclpltatlon  Is  the  radio- 
graphic  methodyWhlch  enables  the  nature  of  the  distribution  of  the  aubatance  in 
the  aolld  phase  to  be  made  clear. 

In  carrying  out  copreclpltatlon  reactions  tlie  atate  of  those  mlcroquantlties 
of  aubstanceo  which  we  wish  to  afeparate  together  with  solid  phase  Is  a  very 
essential  factor.  Copreclpltatlon  proceeds  differently  ac*':ording'  to  the  dcCTce  of 
dispersion.  If  as  a  result  of  aupersaturatlon  or  tiie  formation  of  colloidal  solu¬ 
tions  Che  precipitate  doeb^npt  separate,  this  car.  be.  effected  by  preclpltatlrg  it 
together  with  some  other  precipitate  In  the  given  solution,. 

Subatancea  present  in  ultra-micro  amounts  behave  almllarlly  when  the  aolubil- 
Ity  product  is  not  reached  even  for  the  moat  Insoluble  compounds, such  as  certain 
hydroxides  and  aulfides. 


^  L. I. Guseva  and  V.F. Leonov  participated  In  this  work. 
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2f  the  Bubstaoce  la  in  Bolutlon  in  negligibly  low  concentre lo;  ^  aa  would  be 
the  cose,  e.g.,  with  radio isotope a,  then  in  accordance  with  their  r^ture  the  aqueoua 
•olutiooavlll  either  be  true  or  colloidAl  aolutlona.  Radioiaotopca  arc  present  in 
Aaounta  which  are  not  aufficient  for  the  formation  of  perticlea  of  colloid  aise. 

The  capacity  of  radioiaotopea  to  be  trapped  with  a  precipitate  will  differ 
according  to  whether  they  are  in  the  form  of  radio  colloida,  molecules,  or  ions. 
Tha  formation  of  radio  colloids  is  determioed  by  the  low  solubility  of  the  respec- 
tlre  components  and  their  tendency  to  hydrolyze.  The  capacity  elements  under 
glTSO  conditions  to  form  an  eaaily  soluble  complex  compound  will  eliminate  the 
formation  of  radio  eolloida.  Since  the  concentrations  cf  radio  isotopes  are  very 
amall,  then  in  *'trace  chemistry*,  ,  adsorption  plays  an  impx^rtant  role,  par^ 
tlcularly  if  the  substance  la  in  the  form  of  a  radio  colloid. 


CharacteristioB  of  the  Properties  and  Compos ition  of  Sulfides 

^  # 

Beavy  metal  sulfides  are  the  least  soluble  class  of  compounds  used  in  analy¬ 
tical  chemiatry.  By  means  of  U^S, the  metals  of  the  second  and  third  analytical 
groups  can  be  readily  separated  from  many  other  metal.«,  and  traces  of  metals  sep¬ 
arated.  % 

The  concentration  of  acid  in  solution  plays  a  very  important  part  la  the  for¬ 
mation  of  sulfides.  Such  compounds  as  51283,  FbS  and  CuS  do  not  purecipltate  com¬ 
pletely*  if  the  acid  concentration  is  Increased.  A82Ss,  GeS2,  56287, on  the  other 
hand, can  only  be  precipitated  at  high  values  of  the  hjdrogen  ion  concentration. 

This  con  be  explained  by  the  fact  that  As (IV),  G€(IV)  and  Re (VII)  are  In  solution 
in  the  form  of  anions  of  the  hydrogen  acid  or  as  undissociated  weak  acids.  At 
high  hydrogen  ion  concentrations  it  is  natural  to  assume  the  presence  of  li^S 
cations  which  react  with  the  anions  of  the  acids  indicated.  Under  these  conditions 
E5*  and  S2*  ions  do  not  play  an  essential  part. 

The  otructurc  (crystalline  or  amorphous)  of  tno  sulfides  plays  an  important 
pert  In  their  precipitation,  as  well  as  the  morphological  form  of  the  precipitate 
(powdery,  flocculcnt,  or  gel -like) , which  depends  on  the  conditions  of  formation 
and  ageing.  Considerable  changes  in  the  physical  and  chemical  properties  of  the 
Bulfides  occur  during  ageing. 

Aa  examples  ve  cay  adduce  the  a,  g,  y  forms  of  Nlo  which  are  obtained  under 
different  condltlona  and  which  differ  from  each  other  In  structure  and  solubility. 
Cobalt  sulfide  also  apparently  exists  in  various  crystalline  forms  which  differ  in 
their  aolubillty. 

-  There  are  two  modlf Icaticas  for  ZnS  -  a  and  P;  the  a  separates  from  rcid  media 
while  the  p.fora  precipitates  from  alkaline  media.  The  o-ZnS  form  differs  from 
the  d-form  by  a  lower  solubility  in  acid  media,  containing  R23.  Antimony  sulfide 
(fll)  can  also  be  obtained  in  different  forms  according  to  the  method  of  precipi- 
tmtion.  The  forma  which  differ  from  each  other  most  are  the  orange-red  form, 
which  la  bulky  and  friable, and  the  black  crystalline  form, which  has  a  higher  den¬ 
sity.  The  first  of  these  forms  of  Sb2S3  is  obtained  under  normal  conditions, 
while  the  second  is  precipitated  from  strong  BCl  solutions.  It  Is  of  interest  to 
hole  that  the  black  crystalline  modification  of  Sb2S3  ia  purer  than  the  orange  one. 
Tht,8b2S3  which  precipitates  from  ECl  solution  also  contains  the  chloride  which 
egnoot  be  removed  by  washing. 

Black  mercuric  sulfide  is  labile;  it  crystallizes  in  the  normal  ayatem.  On 
r'sgeing^K^  la  transformed  into  the  stable  modification  with  a*  red  color  and  with 
’a  hexagonal  crystalline  form.  The  rate  of  transition  from  one  form  into  the  other 
depeoda  on  the  acid  concentration,  temperature,  a R2S  concentration. 

.  ,  '  Ooe  of  the  characteristics  of  the  sulfides  ia  the  variability  of  the 


coaposition  of  the  prcclpltfttos  forned,  even  vh^n  only  one  sulfide  la  concerned. 
Sulfides  such  as  CdS  and  PoS  during  their  formation  glvt  coapounds  vhlch 

differ  In  coaposltlon  fro«A  the  noroai  sulfides.  On  precipitating  Hg  in  the  prea- 
ence  of  large  aaouats  of  HCl  a  compound  of  the  composition  Ug3S2C.^(2HgS*HgCl2) 
la  fonaed.  This  latenaediate  compound  la  also  formed  in  8i:!.furlc  acid  solutloca 
of  HgCla*  However,  on  passing  Into  a  sulfuric  acid  solution  of  mercuric 
perchlorat^  the  above  compound  Is  not  formed. 

When  cadaluffl  Is  precipitated  In  the  form  of  the  sulfide  froa  HCl  solution, 
a  precipitate  la  formed  Just  as  In  sulfuric  acid  solution,  which  does  not  corres¬ 
pond  to  the  formula  CdS, but  in  addition  contains  cadmium  chloride  when  precipitated 
from  HCl  solution  and  cadmium  sulfate  when  precipitated  from  solution.  The 

composition  of  the  precipitates  depends  on  the  precipitation  conditions.  The 
effect  of  these  characteristics  of  the  sulfides  has  not  been  studied  sufficiently  j 
meanwhile,  they  arc  of  great  significance  In  the  phenomenon  of  copreclpltatlon  of 
these  coi^poi'.nds. 

Conditions  for  the  Formation  of  Sulfides 

The  amount  of  various  metals  which  is  precipitated  with  the  sulfides  depends 
to  a ‘lafge  extent  on  the  coniitlons  under  vhlch^  they  are  formed  ar.d  on  further 
changes  during  ageing. 

Since  the  sulfides  are  only  very  slightly  soluble, the  ra*te  of  formation  of 
their  nuclei  is  large;  the  nvjclel  do  not  grow  but  give  rise  to  a  f»oi  which  co¬ 
agulates  after  being  formed.  As  a  result  of  adsorption  of  6C.w  HTl  the  sol 
has  a  negative  charge.  On  c^ng%3at  Irr.  of  this  kind  of  sol  V.-j^  cations  are  trapped 
by  the  precipitate.  Tije  number  of  cations  trappod  by  the  sulfide  of  a  given  metal 
depends  on  the  dispersion  of  the  sol  and  the  charge  of  the  cation. 

The  tendency  of  metals  to  coprecipitate  is  determined  by  the  solubility  of 
their  sulfides  and  by  other  factors;  Isomorphism,  the  formation  of  chemical  com¬ 
pounds,  adsorption, etc. . 

Trapping  by  metal  sulfides  varies  in  accordance  wllh  precipitation  conditions 
(HaS  concentration,  rate  and  length  of  tLme  for  vhlch  tlit  H2S  Is  lubtled  through 
the  solution).  When  H2S  water  Is  used  the  amount  of  copreclpitat:on  will  depend 
or.  whether  the  Initial  salt  Is  added  to  the  solution  or  vice  versa. 

A  rapid  flow  of  H2S  for  a  long  time  yields  precipitates  with  a  large  adsorb¬ 
ing  surface.  The  effect  of  the  HsS  concentration  on  the  order  of  addition  of  tbe 
solutions  during  precipitation  of  sulfides  by  means  of  H2S  water  on  the  precipitate 
la  similar. 

Apparently  copreclpltatlon  of  metals  with  sulfides  will  be  least  when  t?ie 
crystalline  structure  of  these  compounds  will  be  most  clearly  expressed.  Sepora- 
tion  of  sulfides  in  e  crystalline  form  can  be  achieved  by  slowing  down  the  process 
of  their  formation. 

Ostroumov  and  biasleonlk^va  [  I]  prepared  NIS  and  CoS  In  a  crystalline  fora  by 
orectpltatlon  In  the  presence  of  pyridine. 

Sulfides  can  be  precipitated  by  means  of  amtsionluffl  thlocarbamate  [2]. 

Trapping  of  cations  from  solution  by  the  sulfides  continues  after  sepai’atloa 
of  the  solid  phase, and  therefore  the  ageing  of  these  precipitates  affects  the 
process  considerably.  Ageing, vhlch  Is  an  important  factor  in  the  case  of  the 
sulfides,  Is  re Is ted  to  s  number  of  physlco-chemlcsl  changes  in  these  compounds, 
vlz^chsnglng  over  froa  an  amorphous  to  a  crypto-crystalline  form,  end  ebanfro  In 
the  degree  of  aggregation  sod  hydration.  When  aulfldes  vhlch  cont-oln  a  large 
amount  of  water  are  dehydrated, their  specif Id  volumes  change  consldeivtly. 
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rroa  vhot  has  baen  Bal<3  It  follows  that  whan  studying  the  copreclpltatlon 
of  oetals  with  sulfides,  each  indlvld'.ial  factor  in  the  precipitation,  though  et 
first  sight  of  little  significance,  should  be  carefully  taken  into  consideration. 

The  Copreclpitstlon  of  Metals  With  r.ulfldea 

The  trapping  of  other  ions  from  solution  by  precipitates  was  discovered  long 
•go.  It  should  be  noted  in  this  connection  that  a  gieat  deal  of  attention  has 
be«a  given  to  this  phenomenon  by  Russian  chemists,  but  nothing  has  been  said  in 
the  literature  till  recently. 

Iren  as  long  ago  as  1036  the  coprecipitation  of  considerable  amounts  of  iron 
vith  sulfides  of  the  platinum  metals  vas  observ'ed  by  Vilm  [3]  while  analyzing 
platinum  ores. 

A  large  number  3f  investigations  vas  sutsequently  devoted  tc  a  study  of  the 
precipitation  of  icacro  amounts  of  metals  w^th  sulfides.  Th“se  experiments  vere 
the  subject  of  disputes,  both  vith  regard  to  the  possibility  of  preparing  pure 
precipitates  of  these  compounds  durir.g  coprecipltatlon^  and  the  reasons  for  co- 
precipltsticn. 

In  the  opinion  of  N.A.Tananaev  [U],  during  the  precipitation  of  Cd  and  Eg 
or  Zn  and  Cu  by  H^S,  formation  Is  possible  of  compotUids  of  the  type  of  the  sulfo- 
aalts  -  CdH^2  o*"  ZnCuS2, which  are  otherwise  more  soluble  in  acl.is  th.an  the  sul¬ 
fide  compounds  forming  the  given  sulfo  salt  (analogous  to  Na2Hg22,  which  is  sol¬ 
uble  in  water). 

'A  number  of  investigations  were  carried  out  by  Kolthoff  and  covorkers  l5-9]  • 
on  the  trapping  of  metals  of  tne  third  analytical  group  by  sulfides  of  the  second 
group.  They  consider  that  this  phenomenon  is  the  consequence  of  the  subsequent 
precipitation  which  occurs  as  a  result  of  the  odaorptlon  of  Ht'S  on  the  sulfides 
of  the  ^20  group,  which  causes  precipitation  of  the  metals  of  the  tnlrd  groups. 

In  Flegl's  opinion  [lO]  copreclpltatlon  of  metals  of  the  third  grocp  with 
metals  of  the  H2S  group  occurs  because  of  the  subsidiary  valency  forces  of  sulfur. 
As  the  author  points  out,  as  a  result  of  copreclpltatlon  the  following  coordination 
compounds  can  be  formed*,  a)  hydrosulf Ides  MeS  -  SH2;  b)  polysulfides  Me3  -  S,  c) 
liopolyners  MeS  -  SMe;  d)  he tero polymers  MeS  -  SHcz. 

In  connection  with  Flegl's  work  it  is  of  interest  to  note  that  In  a  paper 
published  fairly  recently  by  Flalkov  end  Muzyka  [ll]  they  reported  the  formation 
of  polyaulfldes  of  the  following  composition:  ZnS4,ZnS3.  Zn32,  CdSs,  CdS4  and  CdSs, 
•  8  a  resu*  c  of  the  interaction  of  salts  of  Cd  and  Zn  with  (N'H4)2S2  and 

Ruf/u  and  Hirsch  [U?!*  during  their  work  on  the  fractional  separation  of 
Bctals  a^so  inveatigated  the  copreclpltatlon  of  metals  of  the  third  analytical 
(group  with  the  sulfides  of  the  second.  In  their  opinion,  during  the  fractional 
seporstlon  of  metala,  the  Law*  of  mass  action  and  the  solubility  product  are  de-  * 
cislve  factors.  The  formation  of  mixed  crystals,  occlusions,  and  adsorption  are 
of  little  fllgnlficsnce,  according  to  them. 

fialarev  (I3j  reckons  that  the  trapping  of  Zn  by  CuS  is  caused  by  internal 
•dsorptlon  of  the  sine  by  the  capillaries  present  in  the  particles  of  CuS. 

The  copreclpltatlon  of  micro  amounts  of  various  metals  vith  the  sulfides 
has  found  vide  application  for  their  separation  and  concent rat ion. Chulko  [l^]  has 
carried  out  aooe  systematic  work  along  these  lines.  This  author  separated  micro¬ 
gram  quantities  of  copper  vith  the  following  8Ui.fides:  CdS,  1\)S  and  SoS. 

Gulyaeva  and  Itkina  [13]  separated  aoiall  amounts  of  copper  in  the  presence 
and  In  the  absenca  of  cadmium  salts.  The  separation  of  copper  on  lead  sulfide 
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•iBo  been  adopted  by  many  auth^ra  (l6].  I 

^  Molybdcniiffl  sulfide, which  is  difficult  to  precipitate,  has  been  separated  with 
CuS  (171. 

In  addition,  investigations  have  been  made  on  the  separation  of  small  acsounta 
of  copper  on  the  sulfides  of  Cd,  P>,  and  Sn  [l81. 

The  coprecipitation  of  ultra  micro  amounts  of  metals  with  sulfides  has  been 
used  for  the  study  of  the  properties  of  substances  at  extreme  dilutions,  and  also 
for  the  separation  and  purification  of  the  radio  isotopes  of  various  okctals. 

Thus,  during  a  study  of  the  radio  Isotope  it  was  separated  by  means 

of  ammonium  sulfide  with  Bl^Ss  [l9i. 

A  aimilar  Investigation  was  carried  out  with  during  Its  precipitation 

wlth'PbS  [20l. 

Bi2S3  [21j  was  used  for  a  study  of  the  relation  between  the  capacity  of 
to  precipitate  and  the  solubility  of  lead  salts. 

This  radio  isotope  of  lead  was  also  separated  on  Ag2S  prepared  beforehand  (22], 

Pa*^^  was  precipitated  with  Bi2S3  and  PbS  by  means  of  (NH4)2S^8nd  was  separ¬ 
ated  from  tin  [23]  in  this  way. 

This  radio  Isotope  was  separated  with  HaS  from  acid  media  On  the  following 
sulfides;  CuS,  SbaSa,  HgS,  and  BlaSs  (2U]. 

In  the  coarse  of  a  study  of  the  copreclpltatlon  of  with  FeS  in  the 

presence  of  (1^4)2^03^^401  (25]  by  means  of  (NH4)2S^lt  appeared  that  the  FeS  was 
inactive . 

The  properties  of  were  Investigated  by  separating  It  with  Hg5  from  ECl 

media  by  means  of  HsS  [26]. 

Traces  of  Tc®®  were  coprecipitated  from  HCl  media  with  PtS  and  Re2S7t27],  and 
also  with  CuS  and  KnS  [28] . 

A  considerable  amount  of  work  has  been  devoted  to  Inve.itlgatlons  of  the  co- 
preclpltetion  of  metals  and  sulfides.  On  the  basis  of  these  investigation^  how¬ 
ever.  It  can  be  concluded  that  in  the  strli-.t  sense  of  the  word  there  Is  no  theory 
of  copreclpltatlon  for  a  given  class  of  catpounds. 

The  question  of  the  trapping  of  metals  by  sulfides  has  been  solved  by  various 
authors  in  the  course  of  investigations  which  have  not  been  carried  out  under 
Identical  experimental  conditions,  as  a  result  of  which  different  explanations 
are  put  forward  for  the  copreclpltatlon  of  one  and  the  same  metal  with  the  sul¬ 
fides.  Moreover,  these  investigations  have  only  been  carried  out  wltn  a  limited 
number  of  metals, and  only  limited  application  of  phy® loo-chemical  methods  of 
analysis. 

An  explanation  of  the  nature  of  copreclpltatlon,  apart  from  Its  theoretical 
importance,  Is  also  extremely  Important  for  analytical  chemical  practice,  since 
a  knowledge  of  the  sources  of  errors  enables  us  to  avoid  them  and  to  get  practl- 
call^  pure  analytical  precipitates.  Moreover,  in  this  way  it  becomes  possible  to 
use  E2S  for  exact  quantitative  separation. 

It  is  therefore  desirable  to  start  systematic  investigations  on  the  trapping 
of  various  metals  by  sulfide^  in  which  the  greatest  possible  number  of  coabinatiODS 
of  precipitated  metal-metal  sulfide  la  considered, so* that  a  general  relation  may 
be  deduced. 

It  is  essential  that  particular  attention  be  given  to  a  study  of  the  con¬ 
ditions  under  which  the  sulfides  are  formed.  A  study  of  the  copreclpitation 
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of  tulfldet  If  DC cc 8 ft ry, both  for  tbn  8c|^rut!on  of  ouetalf  of  the  group  froa 
•uXfldef  of  the  third  groupffnd  alBO  for  tbi  study  of  the  trapping  of  seta  la  by 
■ulfidea,  partl^larly  in  caief  where  w  are  dealing  with  very  aaall  a-nountt. 

SpecUl  attention  should  be  given  to  radio-chemical  nethods,  which  have  ex¬ 
ceptional  possibilities  in  this  field. 

The  present  work  is  the  first  part  of  work  done  along  these  directions,  in 
vhich  results  on  the  coprecipitation  of  Zn,  Co,  and  Fe  with  the  sulfides  of  the 
BtS  group  are  adduced. 

EXPERIMENTAL 
Salt  Solutions  Used 

In  order  to  carry  out  these  InveEtlgstions,  0, 1  M  solutions  of  the  chlorides 
of  Hg(II),  Bl,  Cd,  Cu,  Sb(IIl),  Sn(II),  Sn(IV),  and  of  AgNOa  and  C.02  M  PbCU-  vere 
prepared.  In  experiments  with  arsenic  a  C.l  M  solution  of  sodium  ersenite  vas  used. 
Solutiona  of  Zn,  Co,  and  rc(Ill)  were  also  0.1  M  solutions  of  the  chlorides  of 
these  aetals.  The  solutions  were  standardized  either  gravtnetrlcally  or  volumet- 
rically.  Copper  waa  separated  electrolytlcally.  Chemically  pure  grades  of  the 
■a Its  of  the  metals  indicated  above  were  used. 

Precipitation  of  the  Sulfides  and  Detenainatlon  of  the  Amcurts 
of  Zn,  Co.  and  Fe  Trapped 

During  an  Investl^tlon  of  the  phenomenon  of  copreclpltation  It  is  essential 
that  all  the  conditions  which  can  affect  the  anoun^  of  trapping  of  varicue  la- 
purltles  by  the  precipitate  to  some  degree  of  another,  should  be  carefully  oh- 
aerved  in  order  that  reproducible  results  can  be  obtained.  It  Is  necessary, how¬ 
ever,  to  observe  that  very  often^ even  when  all  the  conditions  are  reproduced  ex¬ 
actly,  the  amount  of  material  trapped  can  vary  conelderably  In  parallel  tests. 

This  becomes  coapiel.en8lble  If  It  Is  borne  In  mind  ^hat  the  process  of  formation 
of  the  solid  phase,  starting  from  the  moment  when  the  first  nuclei  appear  to  the 
appearance  of  the  f li at  opalescence,  can  take  place  ac  different  rates.  That  this 
is  so  Is  Indicated  by  the  fact  that  it  Is  necessary  to  add  various  amounts  of 
precipitant  in  order  to  get  the  first  appearance  of  turbidity.  Wiiea  copreciplta- 
tlon  is  very  marked, the  amount  of  substance  trapped  In  parallel  tests  shows 
rariations  which  are  well  outside  the  limits  of  tht?  accuracy  of  the  gravimetric 
determinations. 

The  following  factors  were  taken  into  cons Iderav, ion  when  choosing  the  pre¬ 
cipitation  conditions  for  the  metals  tested;  rate  at  which  H^S  Is  bubbled  through 
the  solution,  temperature,  acid  concentration,  and  the  time  of  standing  of  the 
aolutlon  plus  solid  phase  before  filtration.  The  jxperimental  conditions  Just 
enumerated  are  essential  factors  In  determining  the  structure,  dispersion  and 
eoopoaltlcn  of  the  precipitates,  and  thereby  affect  the  extent  of  copreclpltation. 

The  application  of  radio  Isotopes  for  determining  the  amount  of  element  co¬ 
precipitated  haa  considerable  advantages  over  the  orainary  chemical  methods. 
"Labelled'*  atoaa  er.8ble  the  amount  of  coprecipitated  metal  to  be  determined  di¬ 
rectly  from  the  activity  of  the  precipitate.  Thus  the  work  la  conalderabiy 
•lapllfled.  The  determination  of  metals  on  the  precipitates  of  various  sulfides 
la  often  •  difficult  problem,  particularly  if  the  given  metal  is  present  in 
■mall  amounts. 

It  la  e a sent la 1,  however,  to  note  that  in  order  to  get  correct  results  the 
radio  laotopea  used  must-  be  thoroughly  purified  themselves,  so  that  it  is  pos- 
■Ible  to  speak  of  radiochemical  purity.  In  addition  a  number  of  blank  tests 
Auat  be  carried  out,  la  which  various  factors  which  can  affect  the  accuracy  of  the 
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d«t«ralnAtlon  arc  ttkeo  Into  nccount,  e.g.,  luch  factor#  si.  ttw*  tcrooning  action  of 
tbo  preclpitata  (portlcularly  vhen  using  soft  radiation);  adsorption  of  the  rodio 
Isotope  by  tbe  filter; and  the  geotaetrlcal  cooditioos  used  in  sveaearing  tho  activit 

Two  aeries  of  ezperlaeots  vere  carried  out,  in  which  ca.  10  mg  and  100-200  og 
lots  of  sulfides  vere  precipitated,  respectively.  In  tbe  first  case  the  aaountsof 
£n,  Co  and  Pe  vere  small,  while  in  the  second  case  they  vere  present  in  equimolar 
amounts. 

Tbe  experiments  with  tho  small  amounts  vere  carried  out  as  follovs:  To  a  2^ 
flask  vere  added  O.lQHSoie  of  the  solution  of  the  metal  of  tbe  fourth  or  fifth 
group,  0.^  ml  of  a  solution  of  tbe  radio  isotope,  and  HCl  added  until  its  final 
atren^h  was  0.3  B^,and  the  contents  of  the  flask  made  up  to  ^  ml  with  distilled 
water.  BsS  was  passed  through  the  solution  after  being  preliminarily  passed 
throxxgh  a  wash  bottle  containing  water.  The  HzS  rate  was  30-60  bubbles  per  min¬ 
ute,  tbe  temperature  of  the  solution  being  l6-20*.  Filtration  was  carried  out 
under  pressure  l6  hours  after  precipitation,  through  a  close  grained  'liter  3*^  cm 
diameter  and  with  a  6-7  mm  edge.  The  filter  was  placed  in  a  fui^iol  with  a  porous 
plate.  The  precipitate  was  washed  6-10  times  with  3  ml  of  s  0.1^  semonium  chlor 
Ide  solution  saturated  with  BqS, 

'  After  drying  the  filters  were  placed  in  tracing  cloth  envelopes,  and  their 
activities  determined.  Tbe  activity  of  0.5  ml  of  a  solution  of  the  respective 
radio  isotope  placed  on  a  filter  and  prepared  in  tbe  same  way  was  measured  in  par 
allel.  Tbe  amount  of  radio  isotope  adsorbed  by  tbe  filter  under  our  expcrlmeotai 
conditions  and  tbe  screening  activity  of  the  sulfide  precipitates  vere  determined 
In  separate  experiments.  Tbe  percentage  copreclpitation  was  t^<ea  determined  from 
these  results. 

Tbe  labelled  atoms  used  were  the  following  radio  isotopes:  2^®^,  Co®®,  and 
Pc®®.  They  vere  carefully  purified  before  use.  The  solutions  of  Zn^Cla,  Co’Cl^ 
and  Fe*Cl3  vere  used  in  amounts  corresponding  to  tbe  following  ratios  Ir.  tbe  pre- 
clrltatlon  solution:  Me^'*’,  Me®"*”  =  1*.  12;  Co®^  ;  Hu®'*',  Ite®'*  «  1'.  5,000;  and 

Fe®**  :  Me®'*',  Me®"^  *  1.6:10. 

The  radioisotopes  were  purified  as  follovc;  Zn  and  Co  vere  rcpreclpltatcd 
several  times,  while  the  ferric  chloride  was  purified'  by  repeated  extraction  with 
•thyl  ether.  In  the  case  of  zinc  the  reaction  selected  for  purification  was  pre- 
cipitatioQ  in  the  presence  of  iron  salts  with  alkali,  and  subsequent  separation 
aa  the  sulfide  at  a  pH  of  2-3.  Cobalt  was  purified  by  precipitation  In  the  form 
of  potassium  cobalt! nitrite  and  a-nitroso-6-naphthol. 

The  U.5  ml  of  a  solution  of  the  radio  isotope  indicated  gave  ca.  15,000  im¬ 
pulses/minute.  Preparations  with  low  activity  were  measured  for  20-30  minutes. 

The  relative  error  of  ibeosurement  was  calculated  from  the  formula 


where  i*i8  the  relative  error  of  the  result,  4E  the  error  of  neasurement,  S  the 
number  of  impulses  per  unit  time,  ti  the  time  during  which  the  activity  of  a  pre¬ 
paration  was  measured,  t^  background,  and  4  the  number  of  impulses  of  the  back¬ 
ground.  « 

Calculation  shows  that  In  this  way  It  is  possible  to  determine  0.  of  tbe 
metals  indicated  above  (aee  Table  1). 


^  In  experiments  with  precipitation  waa  effected  from  0.3  H  HKO5. 
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In  expcrlm^Qtt  vlth  large  aaounta  of  sulfldeB  precipitation  vab  carried 
out  froB  100  the  HpS  being  bubbled  through  for  15  mlnutea.  lu  nl  of  j.l  M 
aolutlona  of  the  respective  aetals  of  the  group  and  10  ml  of  0.1  M  ZnJl2t 
CoCXzi  and  FeCIo, respectively, vere  uced  for  precipitation,  Tnt  amount  of  Zn,  Co 
and  Fe  trapped  vaa  determined  from  the  amount  left  unprecipitated,  either  gravi- 
metrlcally  or  vo Lime tr lea lly. 

In  the  remaining  caaea  the  experlmenta  were  carried  out  In  a  similar  vay 
vlth  amall  amounta  of  sulfides. 

TABLE  1  TABLE  2 


Copreclpltatlon  of  email  amounta  of  xlnc,  Copreclpltatlon  of  equimolar  amounta  of 
cobalty  and  iron  vlth  the  aulfldea  of  the  xlnc,  cobalt^  and  Iron  vlth  the  sulfides 
metals  of  the  group  of  the  metals  of  the  H^S  group 


— 1 

1 

1  Metal 

Found  in 

the  ppt. 

In  i 

No. 

Metal 

sulfide 

Pound  In 

the  ppt.  In  f 

Bo. 

sulfide 

[  .  Zn  .] 

[  Co 

I  Fe 

Zn 

1  ■  i 

Fe 

1 

. 

0.8 

1  5*2 

j  O.U 

I 

. 

4j.2 

5.5 

<0.) 

2 

CuS . 

C.7 

1  0.11 

i  0.10 

2 

CuS . 

11.2 

0.5 

2.4 

3 

CdS . 

7 

1  0.10 

i  0.19 

3 

CdS . 

9.5 

3.4 

‘  3.2 

4 

Bl2^3 • • • • • 

O.U 

c.io 

0.15 

61283 .... 

5.7 

2.5 

0.5 

5 

S0S2 ...... 

10 

!  17/^ 

1  1.61 

5 

SdS2 . 

3.0 

8.1 

6.9 

6 

SnS . 

1  2.20 

1  0.50 

6 

SnS . 

1.9 

1.5 

2.0 

7 

Sb2S3. .... 

0.5 

0.12 

1  0.15 

7 

Sb2S3 .... 

1.5 

2.1 

6.5 

6 

Ae2S3 . 

0.4  1 

1  <0.10 

1  0.16 

0 

AS2S3 .... 

1.1 

1.0 

2.3 

9 

PbS . 

0.3  1 

1  <0.10 

j  ^.15 

0 

?bS . 

0.5 

1.1  ! 

1.6 

10 

Ag2s . ; 

;  0.2  1 

I  'D.IO 

1  0.10 

lb  1 

j  Agzo . 

<0.3 

-^.3  1 

'^0.3  • 

The  results,  vhich  are  adduced  in  Table  1^  chev  that  the  exount  of  Co  and  Fe 
trapped  by  almost  all  the  sulfides  of  th?  fourth  and  fifth  groups  is  very  smai.'.. 
The  exception  la  SnSa,  vlth  vhich  a  considerable  amount  of  Co  is  precipitated. 

Th?  amount  of  Co  precipitated  with  and  of  Fe  with  Sn52  Is  fairly  high. 
Considerably  more  Zn  Is  trapped  tn  the  precipitate  as  co'-..pared  vlth  Co  and  Fr, 
According  to  these  results  the  copreclpltatlon  of  Zn  with  CdS  and  Sci52  1^  especial 
ly  marked. 


It  la  interesting  to  mention  some  of  the  observations  made  during  these  exper¬ 
imental  the  reaulta  of  which  are  given  In  Tables  1  and  ?. 

After  precipitation  of  the  sulfides,  a  clear  cut  difference  was  observed  In 
the  volume  occupied  by  a  given  precipitate.  The  outstanding  precipitate  whs  Sb2S3, 
which  had  the  greatest  volume.  The  sulfides  of  Hg  va1)»  Ag,  and  Cd,  on  the  other 
hand, bad  the  least  volume  of  all  the  sulfides;  the  volume  of  these  sulfides  was 
several  times  less  than  that  of  5b2S3.  The  volumes  of  tl.e  precipitates  of  the 
other  sulfidee  were  Intermediate  between  the  volumes  of  the  four  sulfldcc  mention¬ 
ed  ebove  and  that  of  9b2S3. 

Filtration  of  the  sulfides  was  .satlafactory,  with  the  exception  of  SnS2.  The 
6d52  precipitated  In  the  presence  of  Co  had  a  brownish  yellow  color, and  not  the 
usual  yellow  color.  In  this  case  copreclpltatlon  la  much  more  marked  as  coopared 
vlth  the  other  sulfides. 


Discussion  of  Results 

■  * 

The  general  conclusloo  which  follows  from  a  comparison  of  Tables  1  and  2  Is 
that  the  amounts  of  Zn,  Co,  and  Fe  trapped  by  the  precipitate  for  small  amounts 
of  Zn,  Co,  and  Fa  are  considerably  less  than  when  large  amounta  of  these  three 
elements  are  px^sent.  The  behavior  of  Co  during  the  precipitation  Of  3a'32  (see 
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Cxporloent  Tables  1  and  2)  la  of  Interest  In  this  connect ionv  for  sianll  anout^ls 
of  Co  the  amount  of  coprecipitation  is  couKiaerably  greater  t^<an  vlicn  large 
•BOunta  of  Co  are  present. 

The  results  in  Table  2  show  that  when  Zn,  Co,  oud  Fe  are  present  during  the 
prcclpltatloD  of  the  HaS  group  of  elements,  coprecipitation  varies  for  any  given 
■etal  of  this  group.  Thus, those  conditions  which  are  usually  recocsseeded  in  an* 
alytlcal  textbooks,  l.e.,  precipitation  from  a  solution  0.3  N  with  respect  to  acldf 
do  not  lead  to  a  complete  separation  of  these  metals.  Coprecipitation  is  partic¬ 
ularly  marked  in  the  case  of  Zn  and  B^,  where  it  amounts  to  UO^. 

It  is  of  interest  to  note  that  Co  and  Fe  coprecipitate  with  SnS2  in  large 
amounts, while  the  extent  of  copi'ecipitation  with  SnS  is.]ow.  This  is  probsbly 
the  result  of  oxidation  of  Sn  from  the  bivalent  to  the  quadrivalent  st.ge.  On 
comparing  the  crystalline  lattices  of  SnS2  and  SnS  it  appears  that  SnS  has  a 
rhosbic  lattice, while  SnS2  has  a  hexagonal  one.  The  sulfides  of  Co  and  Fe  also 
have  a  hexagonal  lattice.  This  apparently  also  explains  the  Isrge  difference  be¬ 
tween  the  copreclpltatlon  of  the  two  metals  with  SnS2  and  SnS. 

A  similar  phenomenon  can  be  observed  in  the  coprecipitation  of  Zn  with  HgS. 
Both  the  and  ZnS  have  a  cubic  lattice.  It  should  be  borne  in  mind  that 
inaedlatcly  after  preclpltatlou  has  a  hexagor.al  lattice,  but  this  subsequently 
changes  into  a  moilf Icat ion  havl-g  a  cubic  lattice. 

The  fact  that,  as  a  rule,  in  our  experiments  ccpreclpltatlon  occurs  to  s  lesser 
extent  for  small  amounts  of  Zn,  Co,  and  Fe  is  of  interest.  In  this  conr.ectlon, 
therefore,  the  question  arises  ts  to  why, in  the  experiments  with  Sn(IV)  for  bmall 
amounts  of  Co,  does  coprecipltation  Increase  considerably.  An  explar^atlon  of 
this  fact  may  be  sought  In  an  increase  in  the  relative  adsorption  with  decreas¬ 
ing  concentration  of  tfp  trapped  ion. 

Investigation  of  the  copreclpltution  of  sulfides  continues.  It  is  necessary 
to  point  out  tlifat  in  ord-r  to  make  a  deeper  stuay  of  this  phenocaenon  it  is  essen¬ 
tial  that  such  methods  as  radlogrephy,  electron  microscopy, ana  X'-rsy  apectrography 
be  used, v’fjereby  the  relations  between  coprecipitation  and  structure,-  dispersion, 
and  the  conditions  of  formation  of  a  given  sulfide  can  be  established. 

In  addition,  special  attention  must  be  given  to  a  study  of  the  actual  process 
of  formation  of  the  sulfides,  using  photographic  methods  for  this  purpose. 

In  conclusion  I  should  like  to  express  my  thanks  to  Prof.  I.P.Alimarln  for 
directing  the  work. 

SUMMARY 

1.  During  the  precipitation  of  10*^  mols  of  FbS,  Snr'2,  CdS,CuS  ^ 

and  jols  of  AspS^,  5>b2Si  fro.m().3  N  HCl  and  of  AgjS  from  0.5  N  HNO3 

in  the  presence  of  equimolar  amounts  of  Zr.Cl2,  C0CI2,  and  FeCiy,  copreclplta tlon  ‘ 
of  these  metals  occur 3. 

2.  Coprecipitation  was  most  marked  for  the  following  metals-  Zn  with  HgS 

(Uj.2%);  CuS  (11.2^);  CdS  Bi2S,  1,7%;  SnSj  55^;  Co  with  Sn^a  HgS 

CdS  3.^it  and  Fe  with  SnS^  6.9%;  SbjSa  CdS  3-2%;  A32S3  2.0%. 

3.  Copreclplta  tlon  Is  least  for  Zn,  Co,  and  Fe  with  (<0.3%).  Copre¬ 

cipitation  varied  in  the  remaining  cases  from 

O^ieg  precipitation  of  the  sulfides  indicated  above  In  amounts  of 
0.5  i0*^-10  ^  mols  in  the  presence  of  small  amounts  of  Co  and  Fe,  the  amount  of 
coprecipitation  observed  for  these  metals  was  insigr ificant  (0. 1-0.2%),  with  the 
exception  of  Srll2  •nd  Hg^.  The  coprecipitation  of  Co  with  SnS2  amounts  to  17-2%, 
of  Fe  1.81%, and  for  Co  with  UgS  to  3.2%. 
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£a  1«  trapped  to  a  far  greater  extent  ttmn  Co  and  Fe,  part icularly  vlth  CdS 
7^  iod  with  SnS2  lO^l. 
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THE  ULTRA-MICRO  METHOD  OF  CHEMICAL  ANALYSIS 
.CC^C^INICAT:ON  2 

THE  ILECTROLYTIC  SEWOUTION  AND  lETECTlON  OF  METALS 
I.P.Alimarin  and  M.N.Petx Ikova 

Vernadsky  Institute  of  Geochemistry  and  Analytical  Chemistry^ 
Acad.  Sci.  USSR,  Moscow 


By  using  the  apparatus  for  ultra-mlcrocbemlcal  determinations  and  the  cor¬ 
responding  S'oxiliary  apparatus  [1,2],  it  is  possible  to  examine  small  volumes  of 
solutions  (10*^  -  lO"*  ml)  by  means  cf  various  analytical  methods. 

The  apparatus  and  experimental  technique  for  analysle  by  ultra -?\lcrp 
methods  have  a  specific  character.  The  procedures  adopted  for  the  simplest 
chemical  operations  (filling  flasks  with  liquids,  pouring  from  one  to  th^'  other, 
messurlng  the  requisite  volumes,  precipitations,  etc .. )  and  the  apparatus  necess¬ 
ary  for  these  procedures  ,l.ave  been  adequately  4'^Bcribed  [2].  Howevex’,  In  order  to 
carry  out  a  qualitative  analysis  of  seme  object  oi  other,  more  diverse  forms  of 
apparatus  arc  necessary, as  well  as  a  greater  number  of  operations. 

The  electrolytic  deposition  of  metals  from  solution  Is  on  excellent  method 
for  8eparetir.g  and  detecting  t:ve  elements.  By  means  of  special  apparatus  and  tbe 
respective  techniques, electrolysis  can  be  carried  out  using  the  microscope-  octh 
with  solid  [.^,^1  and  vltn  liquid  electrodes.  It  should  be  noted,  however,  that  the 
application  of  electrochemical  methods  tc  thr  ultra-micro  analysis  of  Inorganic 
compounds  has  not  yet  been  described. 

The  question  of  wlxat  Is  the  minimum  amount  of  a  metal  which  It  Is  neceeeary 
to  have  in  solution  in  order  to  deposit  it  electrolytically  can  be  eolvec  by 
means  of  hVrnst* s  equation.  A  calculation  for  the  case  of  copper  ions  gives  the 
following  results,  the  deposition  potential  of  copper  from  a  normal  solution  Ic 
0.3^  V.  In  view  of  the  fact  that  the  hydrogen  overvoltage  on  coppxer  Is  J.23  V, 
then  the  potential  of  the  cathode  can  be  ad.Ji’cted  to  this  value.  At  such  a  po¬ 
tential  tbe  copp>er  ion  concentration  In  solution  will  bo  given  by: 

-0.23  «■  t.3^  -  log  0.57  -  0.029  log  ^  , 

from  which  c  »  10  This  concentx-ation  Is  outside  the  limits  of  any  qualitative 

determination. 

In  order  to  deposit  any  element  electrolytically  certain  conditloos  must  be 
observed.  The  potential  during  electrolysis  even  in  the  ultra-alcro  method  must 
naturally  in  any  case  be  not  leas  than  the  oecomposltlon  potential  of  the  electro¬ 
lyte.  As  a  result  of  tbe  small  surface  of  the  electrodes  used  in  ultra-micro 
methods,  the  neceaalty  of  observing  a  definite  value  for  the  current  density  (0.1 
-  0.01  A/cm^)  means  using  a  curx^nt  denalty  of  lO”^  4  lO”*  A. 

Electrolysis  With  Platinum  Microelectrodes 
Platinum  electrodes  possess  tbe  advantage  that  they  exclude  the  possibility 


U 


of  cootamlnAtion  of  the  folutlon  vlth  foreign  Iona  during  electrolys le .  In  ultra* 
micro  ncthcdOf  therefore^  they  are  given  preference  to  solid  electrod<*f  aade  fr^a  any 
other  aetala. 

a)  Apparatus 


The  electrolytic  deposition  of  metals  fr>o  small  volumes  of  the  order  of 
ml)  can  be  effected  by  using  special  micro  apparatus  vhlch  differs  from 
the  apparatus  used  for  macro  electrolysis  In  that  part  of  the  apparatus  vhcre 
electrolysis  actually  occurs.  The  electrical  set  up  is  left  practlca‘'^y  unchanged; 
the  current  flova  from  an  accumulator  (a  U-6  volt  source  of  D.C.),  through  a  switch 
realstance  box  into  an  electrolytic  micro  cell. 
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Electrolysis  using  platinum  micro 
electrc'*'*8  can  be  carried  out  by  two 
methods; 

I.  The  test  solution  is  placed 
on  the  end  surface  of  a  thlcK  walled 
capillary  (external  dlaaieter  ca.  5 
i-.ternal  diameter  0.5  im)  In  the  for.i 
of  a  co.ndenser  red  [2](Flg.lj,  Into  tl.c 
bore  of  vhlch  has  been  fused  a  platin¬ 
um  wire  of  diameter  ce .  0.1  mm,  one  ■ 
end  of  which  finishes  up  In  the  ^.“id 
surface  of  the  condenser  rod  and 
serves  as  the  anode.  T.-jc*  other  e;.d 
of  this  wire  Is  located  Inside  th« 
capill«>*y  at  some  distance  from  its 
otner  end;  mercury  Is  Introduced  In¬ 
to  the  bore  of  the  capillary  frex 
this  side  so  t^^at  tlte  anode  Is  In 
contact  with  the  lead-in  for  the  current.  Tlie  cathode  is  also  a  platinum  wire 
fused  Into  an  ordinary  capillary  (Fig.  1)  so  that  one  end  sticks  out  of  the  cap¬ 
illary,  while  the  other  Is  located  Inside  tix;  capillary.  A  small  drop  cf  mercury 
la  placed  on  the  capillary  so  that  contact  Is  established  between  the  catnode  and 
the  leed-ln  for  the  current.  The  end  which  sticks  out  is  bent  at  right  sngles 
over  a  small  length  of  the  wire  and  serves  as  the  cathode.  The  capillary  is  mount¬ 
ed  in  a  glass  tube.  When  an  electrolytic  cell  of  this  kind  Is  used, a  humidity 
cabinet  of  e  different  design  to  that  described  previously  Is  required  [1,2,.  At*e 
brass  walls  of  the  cabinet  sve  not  unbroken  roda  all  alcng  their  length;  Instead 
they  have  rods  of  1  ca  at  each  of  the  four  corners  of  the  cah  t.  In  which  grooves 
•  re  casde  as  well  ms  In  the  unbroken  walla  (Figs.  2,  5). 


rig.  1.  Electrolysis  on  a  condenser  rod. 

1  —  condenser  rod;  2,5  ”  electrodes;  k  - 
mercury  contacts;  5  ~  current  leads. 


2.  The  test  solution  Is  placed  in  an  ordinary  micro-cone  [1,2],  and  two 
platinum  rods  fixed  In  It.  The  electrodes  In  this  ceae  are  plotln’.ua  wires  co .  J.l 
mm  In  diameter,  fused  lnt*<  a  gless  tube  and  Insulated  from  each  ether  (Fig.  h). 

The  current  is  led  in  throught  a  copper  wire  vhlch  is  pressed  on  to  the  platinum 
wires.  Electrodes  of  this  type  are  made  as  fellows;  two  pla^-inum  wlres'ljof  the 
requisite  length  (2-2.5  cm)  are  connected  to  two  copper  wires  (2) by  pressing;  the 
contact  la  made  core  reliable  if  a  crystal  of  silver  nitrate  is  placed  at  the 
J'jnctlon  between  the  copper  and  platinum  and  heated  in  a  micro  flfiir**  :o  reduce  ' 

.  the  silver  The  wires  thus  obtained  (5)  a  re  fixed  in  e  glass  capillary,  only  Ca.  1 
[  ,  cm  of  the  end  of  the  platinum  wires  being  left  free.  The  whole  is  then  mounted  In 
r  •  glass  tube  A  plaetlc  cap (^, chosen  so  that  it  corresponds  In  diameter  to  the 
I  tube,  is  then  fixed  at  the  end  of  the  tube  where  the  copper  vires  are  locatec^  and 
i*  the  copper  wires  fixed  through  the  cap.  The  platinum  wires  are  bent  at  shown  in 
Fig.  4.  In  thia  form  ^the  electrodes  are  ready  for  use. 
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Fig.  2.  Ceolnet  for  carrying  jut 
electrolysis  on  the  condenser  rod. 

1,  6  -  brass  walls  and  fraxe-,  2, 

U,5  -  glass  covers,  botton  and  v&lls. 

Procedure  For  Electrolysis 


Fig.  3.  Arrar.gexent  of  the  apparatus 
for  carrying  out  electrolysis  on  tl.e 
condenser  rod . 

i  -  co^dcr-Ft-r  red;  2  -  platlnuj  el^'c- 
trodes;  3  “  micro  plpet;  4  -  damp  cotton 
wool. 


1.  Electrolysis  on  the  conder4ser  rod.  Tne  condonaejr  rod  and  the  anode  fused 
to  It  ore  fixed  to  a  cover  glass  end  placed  in  a  hunidity  cabl.net  (Fig.  3).  The 
cebl.net  Is  fixed  on  the  objective  stage  of  tlie  microscope  so  that  Its  brass  walls 
arc  turned  tovord  the  oianlpulators,  while  the  part  of  the  condenser  rod  which  ends 
up  In  the  surface  where  the  electrolysis  Is  conducted  Is  turned  toward  the  ob¬ 
server  (Fig.  3).  The  current  leads  arc  fixed  in  the  mercury  centectn  of  the  anode 
and  cathode.  An  ordinary  humidity  cob  ire t  containing  the  necessary  micro  flasks 
is  placed  on  top  of  the  cabinet  containing  the  condenser  rod  set  tip  for  electrolys: 


Fig.  4.  Forked-  p'.atlnura  elccti  bdes. 

1  —  electrodes;  2  -  copper  wires;  3  ~  Insulated 
capillaries;  4  -  glass  tube;  5  ”  plastic  cop. 

The  cross-over  arrangement  of  t^*e  cabinet  thus  c*btelned  Is*  suitable  for  leading 
the' cathode  up  to  the  condenser  rod,  and  for  illuminating  the  latter.  The  Il¬ 
lumination  In  this  case  la  arranged  so  as  to  be  level  with  the  condenser  rod  In 
Its  cabinet,  and  the  light  falls  on  the  surface  F  of  the  rod  ^Flg.  i).  The  piston 
and  plpet  set-ua  Is  fixed  in  the  right  band  claw  of  the  manipulator  (ij.  When  the 
apporatus  has  b^n  arranged  In  this  way  we  car.  proceed  with  tiie  electrolysis. 
flask  (l.s. .capillary  tubes,  etc.)  which  aro  in  the  upper  cabinet  are  filled  with 
the  necessary  solutions.  A  definite  amount  of  the  requisite  solutloi.  is  then 
sucked  up  In  the  micro 'plpet* and  removed  from  the  cabinet,  It  then  lowered 
by  means  of  the  micro  manipulator  to  the  level  of  tlie  gap  in  the  lower  cabinet. 


Tho  upper  cabinet  Is  renovcd  and  the  sorfac*  of  the  cond^r.Rcr  rod  on  vhich  the 
•  lectrolysls  occurs  la  introduced  Into  tl«e  field  of  vlf;lon,ai4d  the  r'.croscope 
focussed.  The  solution  In  the  pip^^  transferred  on  to  th*'  electrolysis  sur¬ 
face.  By  cesns  of  the  naked  eye  and  by  observation  through  the  alcfoscope  the 
cathode  it  brought  to  the  illuminated  surface  and  arranged  above  it  vithout 
actually  touching  the  solution.  The  accumulator  is  then  cortiectcd  to  the  electrol¬ 
ysis  cell.  The  left  hand  manipulator  Is  lowered  and  the  cathode  izmersed  in  the 

drop  on  the  Illuminated  electrolysis  surface,  thus  completing  the  circuit.  Elec-  . 
trolyais  la  initiated  end  Its  course  folloved  under  the  microBcope,  (bubbles  of  gas 
are  Tislble).  That  electrolysis  has  finished  is  checked  by  a  negative  reaction 
Kith  the  respective  reagrots.  This  reaction  is  carried  out  on  t^v*  illunirated  am- 
face  of  the  usual  condenser  rod  [2]  in  another  cabinet  by  placing  on  the  surface 
of  the  rod  a  small  amount  of  solution  taken  from  the  surface  where  electrolysis 
va»  carried  out,  and  adding  the  respective  reagent  to  this  portion.  Vhen  e.'ectrol- 

ysls  Is  complete  the  circuit  is  opened  by  lifting  up  the  cathode  with  the  a  nlyu- 

lator,  thereby  removing  It  from  th*  solution.  The  current  Is  then  evltched  off. 

The  metal  which  has  been  deposited  is  determined  by  its  characteristic  color, or 
by  means  of  special  reagents  after  it  has  been  dissolved  in  acid. 

2.  Electrolysis  pa  a  cJLcro-cone.  The 
micro  appciratus  containing  the  requisite 
solutions  and  the  mioro-coce  v.  Ich  serves 
as  the  eJ.ectrolyzer  are  placed  in  the  hwcii- 
Ity  cabinet.  The  diameter  of  the  micro- 
cone  should  be  such  that, vhen  the "electrodes 
are  Inserted  Intc  It,  they  do  not  wcuch 
the  vails  of  the  alcr.i-cone.  If  the  elec¬ 
trodes  are  almost  touching  the  vails,  then 
the  solution  which  is  displaced  on  imners- 
ir.^  them  will  flow  along  the  veils,  so  that 
all  of  the  solution  is  not  t lectrolyzed. 

It  is  essential  also  that  me  length  of  the 
electrolyzer  should  not  be  more  ti-sn  4-5  mm; 
in  such  a  case  only  a  small  port  of  the  elec¬ 
trodes  will  be  located  In  that  part  r 
of  the  electrolyzer  not  filled  with  solutlor* 
and  which  amounts  to  a  third  of  its  volume. 
The  cabinet  and  the  micro  cell  are  fixed  on 
•the  object  stage  of  the  microscope.  The 
platinum  electrodes  (Fig.  ii)  ere  fixed  In 
the  left  band  clav  of  the  manipulator,  while  the  piston  set-up  and  plpet  are  fixed 
in  the  right  hand  wiaw.  A  volume  of  solution  Is  transferred  from  the  micro  flask 
to  the  electrolyzer  by  means  of  the  plpet,  the  volume  being  such  tliat  It  does  not 
occupy  more  than  two  thirds  of  the  volume  of  the  micro  cell, In  order  that  spill¬ 
ing  may  be  avoided  during  clectrolyals .  The  opened  aide  of  the  humidity  cabinet 
it  turned  tovaz*d  the  left  hand  manipulator  and  tlterv  first  by  means  of  the  nailed 
eye  and  final'’/  with  the  aid  of  the  microscope, the  electrodes  are  Introduced  in¬ 
to  the  electrolyzer  without  actually  immersing  them  in  the  solution.  The  current 
la  avitebed  on  and  the  electrodes  then  immereed  in  the  solution  by  moving  the 
electrolyzer  on  to  then  (Fig.  5)f  thereby  ccopletlng  the  circuit,  Vhen  electroly- 
ala  la  floiahed  the  circuit  la  broken  by  removing  the  electrodes  first  from  the 
alectrolyzer  and  then  from  the  cabinet, by  means  of  the  caaipulotor.  Finally  ' 
the  current  is  switched  off.  The  metals  which  have  been  elactrolytically  de¬ 
posited  In  this  way  are  detected  aa  described  above. 


Fig.  5-  Electrolysis  with  forxed 
platinum  electrodes  (as  seen  under 
the  microscope). 

1"  micro-cone  ♦  electrolyte;  2  - 
electrodes. 


b)  pxaraplee  of  electrolytic  deposition  and  detection  of  metaj s 
LDepoaltlon  of  copper  on  a  platinum  cathode.  A  solution  of  cupric  sulfate 


(I  Bg/nl)  V89  prepared  in  J.2  M  H;J>04.  TliC  current  neccstary  Is  celculoted  froa 
•  knowledge  of  the  surface  area  of  the  electrodes  pt.'d  the  recomaeiuled  current  den¬ 
sity.  Electrolysis  is  carried  out  as  described  above  on  the  lll’jnilnated  surface 
of  a  condenser  rod  or  In  a  olcro-cone  electrolyzer.  The  deposit  of  copper  fonned 
00  the  cathode  la  exsaineJ  under  the  nlcroacope  In  reflected  light.  If  the  layer 
of  copper  which  aeparatea  cut  on  the  given  surface  la  so  thin  that  its  color  can¬ 
not  be  observed,  then  the  electrode  is  immersed  for  some  time  in  a  flisk  contain¬ 
ing  nitric  acid.  The  copper  la  then  detected  in  the  solution  by  mecr.s  of  either 
sodium  dlethyldithiocarbamate  or  rubeanic  acid. 

Copper  can  be  deposited  electro lytlcally  in  the  same  way  from  solutions  con¬ 
taining  other  me’tala  (e.g.^  Iron,  zinc,  nlcKeli.  Results  for  the  electrolytic 
separation  of  copper  from  solution  are  adduced  in  Table  1. 

2.  Deposition  of  lead  dioxide  on  a  platinum  an>~>de.  A  solution  of  lead  ni¬ 
trate  isu8ed~(l^®57®lof~ Pb).^  Electrolysis  war  carried  out  as  descrioed  above 
at  2.7  V  using  a  current  of  10*'*  a.  Tne  brown  film  of  lead  dioxide  which  is  form* 
ed  on  the  anode  can  he  clearly  distinguished  under  the  jlcrcscope  In  reflected 
light.  The  solutions  left  after  electrolysis  gave  negative  reactionj  with  dithlz- 
one.  Results  on  the  deposition  of  lead  dioxide  on  a  platinum  anode  are  given  in 
Table  1. 


TABIX  i 

Separation  of  copper  and  load  cn  platinar.  aiicre  electrr»deG 


_ _ Electrolyte  _ £ ^ec tr oce 5  *  Cond  1 1 ioni  of  Eloctrolysis 

Composition  Metal  ten--  Volu'-e,  Dlam-  Surface  eLectroIyslr  uroducts _ 
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1 

I 

I 
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10 
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5 

Fb  )2 

1 

1 
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1 

0.01 

lO’^l  2.7 

1 
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iO-J5(FbO, 

Cu  'I* 10’® 
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])  The  copper  which  separated  out  cr.  the  catliOde  in  this  case  was  detected  after 
dls8ol**lng  it  In  acid,  by  mean?’  of  sodium  ulethyldlthlocorbamate  or  rubeanic  acid, 
since  direct  observation  of  Lne  copper  color  cr.  the  cathode  was  impossible  be¬ 
cause  the  copper  layer  was  too  thin. 

Electrolysis  cr.  a  mercury  micro  cathoa* 


Electrolysis  In  which  a  mercury  cathode  is  employed  la  very  widely  used  in 
analytical  chemistry  because  it  er^ables  such  a:etal8  as  chromium,  Iron,  and  noly- 
bdenuo, which  are  not  deposited  on  platinum  electrodes, to  be  separated.  Kercrry 
occupies  a  uniqtie  position  as  cathodic  material,  since  it  requires  dlffertint 
apparatus  and  different  teclinlquo.  In  audition,  the  process  of  electrolysis  on 
a  mercury  cathode  is  accompenled  by  intenae  evolution  of  gas  bubbles,  and  beating 
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of  the  solution.  Therr  two  ftctors  give  rice  to  a  nuaber  of  Jlfflcultlen  vhtr. 
vorKlng  on  the  ultra^mlcro  scale. 

a)  Apparatus 

Electrolysis  on  a  aercury  cathode  Is  carried  out  in  a  capillary  open  at  both 
eada  because  of  the  Intense  gas  fomatlon  v'llch  occurs  during  electrolysis  ar.d 
which  would  lean  to  the  solution  being  expelled  If  tie  electrolysis  were  conducted 
In  the  usual  type  of  cell. 

The  aercury  cathode  is  prepared  by  covering  a  platlnaa  fork  (Fig.  clec- 
trolytlcally  with  oercury  (in  order  to  do  this  It  Is  only  necessary  to  Join  the 
copper  leads  at  the  place  where  the  current  Is  supplied  to  electrodes).  A  plat¬ 
inum  wire  fused  Into  the  same  glass  tube  serves  as  the  anode.  In  order  to  prepare 
the  mercury  micro  cathode^  a  solution  of  mercuric  nitrate  (0.1  g  in  J.05  ml  of  b-Hs. 
and  5  *1  HzO)  Is  used.  Electrolysis  Is  carried  out  In  a  micro-cone  until  a  irep 
of  mercury  Is  fonaea  on  the  foxk.  Electrodes  prepared  in  this  way  ran  be  used  for 
electrolysis  on  a  mercury  cathode  (Fig.  6).  The  current  for  anode  and  catliode  is 
first  led  from  the  accumulator  to  a  switch  resistance  box. 

b)  Proc<»dure  for  electrolysis  on  a  ruercury  micro  cathode 

The  micro  apprratus  requlrew"  to  hold  the  necessary  solutions  and  the  capill¬ 
ary  open  at  both  ends  are  placed  In  a  humidity  cabinet  on  a  stand  [l,  2].  T.ne 
capillary  electrolyzer  should  be  of  such  a  diameter  t.hat  vh-’*.  *■.:.*?  electi'odes  ere 
introduced  Into  It,  they  do  not  touch  the  walls  The  cabinet  is  fixed  or.  the 
objective  stage  of  the  microscope.  The  tube  containing  th^  electrode:  is  clomped 
in  the  left  hand  manipulator  in  s.uch  a  way-fhat  the  anode  is  above  t\ie  cathode, 
while  the  piston  set-up  and  plpet  ere  clamped  l.n  the  right  hand  manipulator.  The 
micro  vessels  are  filled  with  the  requisite  solutions  and  raeosurea  amounts  of  them 
transferred  to  the  capillary,  In  which  the  solution  le  ariangen  so  tb.at  it  is  at 
a  distance  of  about  a  third  of  the  length  which  itr  '^olume  occupies  frer.  end 
of  the  capillary  turned  toward  tlje  plpet.  Tlv,  cabinet  with  t.hc  opened  side  1? 
then  turned  towards  the  left  band  manipulator.  Initially  tlie  electrodes  are 
adjusted  by  meaaa  of  the  naked  eye  and  finally  with  a  mlcro'jcope  in  tne  capillary 
«lectrolyte,wlthout  actually  imersing  them  In  the  solution.  The  current  is 
switched  on  and  the  circuit  completed  by  moving  the  capillary  on  to  the  electrode 
until  the  latter  Just  touches  the  farther  meniscus  of  the  solution.  The  course 
of  the  electrolysis  Is  followed  under  the  alcroecope.  The  completion  of  elec¬ 
trolysis  Is  tested  for  by  means  of  the  requisite  reagent.*'.  When  It  has  finished, 
the  electrodea  ere  withdrawn  from  solution, and  the  current  switched  off. 


w 
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Fig.  6.  Mercury  siXcro  catlujde 


After  depoaitloQ  of  the  metal  on  the  mercury  cathode  the  mercury  la  removed 
by  including  the  cathode  In  a  circuit  used  as  a  micro  heater  [2].  The  metalc  which 
rennln  on  the  fork  after  removal  of  the  mercury  can  be  diecolved  by  Immersion  la 
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•  i>lcro*cone  contalnlDg  the  renpcctlve  solve nte,  and  tne  r^.talc  sub&vviueatly  de* 
tected  in  aolutlon. 

s 

c)  Exanplee  of  the  separation  of  aetals  on  a  laercury  ale ro -cathode 

1,  Seporatlon  of  vapadium  from  copr^r  and  iron.  Solutions  of  cupric  sulfate, 
ferrous  sulfate,  and  .umaoniua  ronadatc  In  2N  sulforic  add  vere  prepared. 

The  voltage  normally  uaed  for  mo-tro-electrolysls  on  s  mercury  cathode  cannot 
be  recOBiaended  for  the  electrolysis  of  small  volumes,  since  vhen  such  a  voltage  Is 
used  electrolysis  proceeds  so  turbulently  that  vlthln  a  very  short  time  all  the 
solution  would  be  splashed  out  and  evaporated.  Vanadlon:  Is  separated  from  copper 
and  Iron  at  a  voltage  of  5.3-3.S  V,wlth  a  current  of  3. 5-5.6' A.  Electroly¬ 
sis  Is  stopped  vhen  the  electrolyte  gives  o  negative  reaction  with  potassium 
ferr(vand  ferrlcyanlde.  The  presence  ofvanadlum  Is  uctected  by  means  of  cupferron 
solution.  Tiuj  volumes  of  solutions  and  the  amounts  of  material  used  for  electroly¬ 
sis  are  adduced  in  Table  2. 

2,  Separation  of  vanadioa  from  chromium.  Solutions  of  potassium  chromate 
and  ammonium  vanadate  in  2N  sulfuric  acin  vere  prepared.  Electrolysis  was  carried 
out  as  described  previously  at  a  voltage  of  5.^-5*^  V  and  a  current  of  3. *♦-5 .6* 

A.  Electrolycis  was  stopped  vhen  the  solution  gave  t  negative  reaction  for  chrom¬ 
ium  with  diphenyl  carbazlde.  The  volumes  anc  weights  of  cAterlals  used  ere  ooduced 
In  Table  2. 


TABLE  2 


Separation  of  elements  by  electrolysis  on  q  merci*ry  mlcrc-cathode 
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SUMMARY 


1.  Apparatus  and  methoas  have  been  developed  for  the  electrolytlr  separation 
and  detection  of  elements  on  the  ultra-micro  scale. 

2.  Procedures  are  described  for  ultra-micro  electrolysla  using  platinum  and 
taercury  electrodes  in  solution  with  volumes  ^  the  order  of  10*^  mi  and  with  aa- 
ounta  of  material  of  the  order  of  13*® '•to  10*®  g. 
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CRYSTALLINE  LIGHT  FILTERS  FOR  THE  ULTRA-VlOLST  REGION  OF  THE 

SPECTRUM 

A.I.Stekhanov 

Lenlagrad  Physloo-Technlcul  Institute^ Actd .  Scl.  IGSR 

In  the  course  of  scientific  research,  and  in  seeking  for  tt^  solutions  of  a 
number  of  practical  questions,  It  often  becomes  necessary  to  separate  fairly  narrow 
bands  in  the  ultraviolet  region  of  the  spectrum  in  the  spectrom  of  tl<e  light  source. 
This  ia  usually  achieved  either  by  using  monochromn tors,  which  are  rather  expensive 
and  complicated,  or  by  means  of  various  types  of  light  fliters.  The  difficulties 
vhlch  confront  investigators  working  In  this  spectral  region  when  selecting  the 
requisite  light  filters  are  veil  known,  despite  th.e  fact  that  e  large  amount  of 
vork  [  1,  2]  has  been  devoted  to  light  filters  suitable  for  the  ultraviolet. 

In  most  cases  liquid  light  filters,  which  are  solutions  of  various  chemicals, 
are  used  for  thr.  laolfctlon  of  indlviuael  bands  in  the  ultraviol*! t .  Liquid  light 
filters,  however,  have  rather  vide  trsncnission  bands,  and  they  consloeraDly 
weaken  the  light  isolated.  311ght  contamination  of  the  solutions  Icnit.  to  an  even 
-eater  decrease  in  the  transmlsLion  coefficient.  Many  of  tiv?se  solutions,  once 
exposed  to  the  ultra-violet,  deter  lorn te  ou  storage,  anz  the  filters  ctsse  to 
transmit'  the*  necessary  spectral  banc. 

Peskov's  light  filter  (3j,  In  vhlcn  a  gaseous  mixture  of  bronkine  and  chlorliU' 
is  used  as  tlie  a'csorblng  material,  is  of  opeciai  interest.  This  filter  Is  fairly 
constant,  and  is  used  for  the  isolation  of  a  wide  band  of  wave  lengths  In  the 
ultra-violet  from  2GCO-5*>vA>  A.  More  frequently,  however.  It  becomes  ritjcecscry  to 
isolate  a  narrow  bano  or  Individual  lines  from  a  line  spectrum  with  a  fairly  high 
transmission  coefficient.  Gas  filters  are  obviously  unsuitable  for  such  purposes. 

In  the  coarse  of  the  present  investigation  we  studied  the  absorption  apectr-.a 
of  mixed  crystals  of  the  alxali  halides  with  the  objective  of  constructing  r-arrow 
band  crystalline  filters  for  the  ultra-violet. 

The  alkali  halides  find  vine  application  in  optics  on  account  of  their  trans¬ 
parency  to  the  ultra-violet,  visible  and  infie  red  spectral  regions.  Good  trana- 
pa re ncy,  however,  is  a  cnarecter  1st ic  of  only  very  pure  crystals.  The  presence  in 
the  crystals  of  even  insignificant  amounts  of  impurities,  sometlnea  not  more  than 
a  thousandth  of  a  percent,  lead  to  supplemontfery  absorption  ii.  ttie  crystals.  In- 
Teatlgatlon  (L,  S]  of  the  absorption  spectra  of  cry'stals  of  the  alkali  halides 
containing  various  impurities  has  shown  that  in  addition  to  the  character istic 
absorption  bands  of  the  crystals  themselves  In  the  ultra-violet,  absorpLloa  baovdr 
which  are  caused  by  the  iapuritieu  can  be  observed.  Tiiese  absorption  bands  are 
ascribed  [6j  to  the  ions  of  the  Impurity, and  appear  in  the  spvictrum  as  the  result 
of  an  electron  transfer  from  a  fundamental  level  of  the  Ion  to  an  excited  level. 

The  position  of  the  band  caused  by  the  Impurity,  In  the  absorption  spectrum  of 
the  crystal,  and  the  form  of  this  band,  la  determined  by  the  nature  of  this  impurity, 
while  the  absorption  coefficient  la  determined  by  the  amount  of  impurity.  With 
Increasing  concentration,  the  impurity  absorption  maximum  increases.  One  and  tlie 
aame  impurity,  when  present  in  various  alkali  halide  crystals,  gives  riae  to  absorp¬ 
tion  bands  vhlch  are  locateu  in  differeat  parts  of  the  ultra-violet.  Thus,  T1  as 
an  impurity  in  KCl,  KPr,  and  KI  crysta  I a^  respectively  ,g Ives  riae  to  maxinua  ab- 
aorptioo  at  2^75,  26lU  and  2870  A,  respectively.  R)  In  KBr  crystals  gives  rise 

ij  Preaented  at  the  Leningrad  Physlco-Technlcal  Institute^  Academy  of  Sclencea,  USSR, 
In  1951. 
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to  a  maxlnun  ebsorptlon  in  th<*  Kir  obsorpMon  sprclriun  (i  A.  Hb  an*l  Tl  aft 

Impurltlctt  In  othf:r  cryatali  of  the  alRa)!  itallde  dolts  olso  ^rad  to  the  appcor- 
anca  of  absorption  bands  vhlch  are  characteristic  of  thi*  iapurlty^  but  arc  located 
in  other  parts  of  X.\je  spcctrua.  In  alxcd  crystals  tiv*  position  of  the  absorption 
band  depr.'nds  on  the  concentration  of  the  components.  Thus,  if  an  impurity  of  a 
different  kind  is  intioduced  into  the  crystals  of  the  arKSli-halide  salts,  it  is 
possible  to  gpt  ebsorptlon  bands  for  the  Impurity  at  various  points  in  the  at- 
aorptlon  spectra,  according  to  which  alkali  halide  salt  the  impurity  has  been 
added,  and  according  to  the  nature  of  the  impurity.  These  great  possibilities 
of  getting  absorption  bands  at  various  points  in  the  ultra-violet  absorption 
apectruffl, and  also  the  exceptional  definition  of  tlv?  absorption  band,  enable  one, 
by  using  comblFiatlona  of  crystals  with  various  impurities, to  separate  narrow  trar.s- 
Blaalon  bands  In  the  ultra-violet.  It  seemed  to  us,  therefore,  that  crystals  of 
alkali  nallde  salts  containing  impurities  could  be  used  for  constructing  narrow 
band  light  filters  for  the  ultra-violet. 

When  Impurities  are  added  to  mixed  crystals,  the  absorption  bends  which  arise 
aa  a  resultof  the  presence  of  Impurities  are  cisplaced  in  the  spectrum  (ss  already 
indicated)  in  accordance  with  the  various  percentages  of  the  conpo;\cn*wS  of  the 
alxed  crystals;  concequently, the  position  of  the  transmission  band  of  the  crystal¬ 
line  light  filters  will  also  be  determined  by  the  concentrations  of  tJie  conpenents 
of  the  mixed  cryatals.  This  last  fact  enables  one,  within  xnovn  liitlts.  to  shift 
arbitrarily  tive  trar.emlaslon  bands  of  the  light  filters  along  tne  epectr-*^:;  end  thu.-? 
makes  It  possible  to  construct  crystalll.»e  light  filters  fur  tb'  requisite  wave 
length.  .  ■ 

MS  an  illustration  of  the  possibility  of 
constructing  light  filters  for  the  ultra-violet, 
ve  adduce  the  absorption  tpr'C’ra  of  the  mixed 
crystels  KCl  ♦  KBr  (Curve  a  in  tl.fc  clsi^rcx) 
cor.tclnlng  an  ►■»-jut:l  amount  of  tne  cc.-apcnorts  , 
and  rb  as  au  impurity.  It  is  evident  fro»r  the 
diagram  that  the  nixed  cry.ital?  K2'  ♦  KBr  Imve 
a  clear  cut  transmission  baud  within  the  \jltra- 
violet,wlth  i&axliun  transmission  at  A. 

The  transmission  coefficient  for  this  wave 
length  is  more  than  In  addition  to  Its 

transparency  to  the  ultra-violet,  tnl.*^  crystal 
is  transparent  to  light  of  wave  ler.g*-!',  grenter 
than  5000  A.  Therefore,  wlaen  tlxe  mixed  crystal 
KCi  ♦  KBr  Is  used  as  a  light  filter, It  le  necess 
ary  to  use  a  aupplementary  filter,  with  good 
transmission  In  the  ?60C  A  region, and  which  ab¬ 
sorbs  the  long  wave  length  part  of  the  absorp¬ 
tion  spectra  of  the  cx’ystal  (starting  at 
A).  In  such  a  case  the  gas  filter  (considered 
above)  vhlch  absorbs  in  the  3000-5000  A  region 
can  be  used  as  a  supplementary  filter.  The 
transmission  of  the  crystal  KCl  >  KBr  and  of 
the  gas  filter  working  together,  as  can  be  seeu 
from  the  transmission  curve  (Curve  b  in  the 
diagram), cons  1  Sts  of  only  one  ruirrov  band  in 
the  ultra-violet . 

Thu8,aa  optical  system  consisting  of  the  mixed  crystal  KCI<«>KBr  with  Pb  as 
•n  izBpurity  and  the  gas  filter  as  a  supplementary  can  be  used  aa  a  light  filter 
vlth  a  high  luminosity  and  with  a  o&rrow  transmission  band.  The  tranumission 

coefficient  of  this  light  filter  at  2650  A  amounts  to  2t^  for  a  half  width  of  the 
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traosnisBlon  bond  of  about  170  A. 

A  narrover  ti enemisslon  bnnd  at  2600  A  id  glv«u  by  u  coi&b5.nQtioD  coaposed  of 
•  cryital  of  KCl  cootair.log  T1  acd  Pb,  the  mljced  crystal  KCIf  Khr  conVi irviog  1%, 
and  the  gas  filter.  The  transralsaloa  coefficient  in  this  case  at  262^  A  amounts 
to  for  a  half  vidth  of  the  transmission  band  of  only  8^  A. 

KI  containing  TI  tn  combination  vith  a  gan  filter  exhibits  a  maximum  trans- 
alaalon  band  at  27^0  A .  The  transmission  coefficient  of  this  light  filter  is  28^ 
for  a  half  width  of  the  transmisalon  band  of  about  2u0  A . 

The  transmission  bands  car.  be  narrowed  by  using  as  a  supplementary  filter  the 
mixed  crystal  KCl^KBr  contalnln  Tl.  This  crystal  cuts  out  the  short  vsYe  part 
of  the  transmission  band,and,by  varying  t]ie  proportion  of  KBr.  transmisaioa  bonds 
of  different  widths  can  be  obtained. 

For  isolating  a  band  at  28^0  A, a  filter  can  be  used  which  Is  composed  cf  a 
crystal  of  KBr  KI  (containing  Tl  ♦  Pb),plu6  a  gas  filter.  The  transmission  of 
the  gas  filter  which  we  had  at  our  disposal  was  low  (ca.  25%)  at  2850  A;  con¬ 
sequently  the  light  filter  consisting  of  a  crystal  cf  KBr  ♦  KI  and  a  gas  filter 
has  a  transmission  coefficient  of  only  10%  at  2050  A  for  a  half  width  of  the  treus- 
mlaslon  band  of  120  a.  Increasing  the  concentre t ion  of  bromine  In  the  gas  filter 
Increases  its  transmlsBlon  coefficient  at  2850  A,  thereby  leading  to  a  possible  in¬ 
crease  in  the  transmission  of  the  combination  llglit  filter. 

Apart  from  the  light  filter  mentioned  above,  we  also  preparrd  a  special  mono¬ 
chromatic  light  filter  which  Isolates  only  the  rest^nonce  line  of  the  mercury  spec¬ 
trum  at  2557  A.  This  light  filter  was  made  from  a  crystal  of  KBr  containing  T». 
and  R>  and  a  crystal  of  KCl  containing  Pb.  '^.he  gas  filter  was  used  as  the  sup¬ 
plementary  filter.  This  llgh.  filter  haa  a  verv  narrow  trai.smieslon  bahd  in  tlic 
ultra-violet,  the  naif  width  being  only  20-50  A  for  a  tratjsmlsslon  coefficient  of 
4-5%  at  the  maximum  absorption  band  at  2535  A.  If  it  Is  taxen  Into  account  that 
this  light  filter  Is  designed  for  the  isolation  of  only  the  2557  A  line  In  the 
mercury  spectruic  and  that  this  line  rraXes  up  3o%  of  the  Intensity  of  all  the 
spectrum  of  a  mercury  low  pressure  lamp, then  the  transmission  of  this  filter 
will  be  adequate  in  e  number  of  cases. 

I  should  like  to  express  my  thanks  to  Prof.  E.F. Gross, Corresponding  Member 
of  the  Academy  of  Sciences  of  the  USSR^for  his  constant  intei’ett  in  the  work. 

SUMMARY 

In  coiitiBst  to  other  absorbing  light  filters  for  tiie  ultra-violet,  crystal¬ 
line  light  filters  isolate  a  narrower  spectral  band  with  coasiuerably  less  loss 
of  light  inside  the  transmission  bands.  In  addition,  the  position  of  the  trans¬ 
mission  band  itself  can  be  shifted  within  limits  along  the  spectrum  by  varying 
the  proportions  of  the  various  components  of  a  mixed  crycta 1, whereby  a  light 
filter  can  be  constructed  for  a  chosen  wave  length  and  can  be  adjusted  to  suit 
actual  experimental  requirements. 

The  high  transmission  coefficient  makes  cryctalline  filters  suitable  both  for 
Investigating  weak  radiation  as  well  as  for  getting  optical  images  in  ultra-violet 
light.  It  la  evident  tl»at  cryatalline  filters  can  be  applied  In  many  fielda  of 
scientific  Investigation;  their  stability  to  tlie  effect  of  the  ultra-violet, and 
also  their  constancy  with  time,  enable  crystalline  light  filters  to  be  used  in 
various  types  of  optical  apparatus. 
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AN  INVESTIGATION  OF  THE  POSSIBILm  OF  COLORIMETBIC 


ANALYSIS  IN  THE  ULTRAVIOLET 


S.A.Shchukwrcv  and  S.N. Andreev 


‘  A  .A. Zhdanov  Leningrad  State  University 


.  Contcaporary  colorimetry  uacs  the  absorption  spectra  of  compounds  vhich 
absorb  In  the  UOOO-75^  A  region  for  analytical  purposes.  Accordingly,  the  colcr- 
laetrlc  method  of  analysis  can  only  be  applied  for  the  quantitative  determination 
of  intensely  colored  compounds  and  of  compounds  for  which  sufficiently  selective 
color  reactions  can  be* chosen.  At  the  same  time, the  exceptionally  high  sensitivity 
of  colorimetric  methods,  and  their  fairly  high  selectivity,  and  the  speed  with  which 
colorimetric  determinations  can  be  made,  lead,  to  a  natural  tendency  to  Introduce 
colorimetric  methods  on  an  Increuslng  scale  into  analytical  practice. 

A  radical  Increare  in  th^  number  of  chemical  compounds  which  can  be  analyzed 
by  colorimetric  methods  cor*  be  achieved  by  using  the  ultraviolet  for  solving 
colorimetric  problems.  The  use  of  absorption  spectra  in  the  near  ultraviolet 
for  the  qaantltatlve  analysis  of  chemical  compounds  n^t.  only  increases  the  number 
of  substances  which  can  be  analyzed  colorlmetrlcaliy,  but  opens  up  new  posrlbill- 
tles  for  colorimetric  analysis  without  preliminary  chemical  treatment  of  the  test 
material,  by  using  the  charectAr Istlc  absorption  of  the  test  material.  Ap¬ 
plication  of  the  ultraviolet  also  enables  more  simple  cliemlcai  reactions  which 
lead  to  the  formation  of  products  absorbing  in  the  ultraviolet  to  be  used  for 
the  solution  of  colorimetric  problems.  The  selectivity  of  UjC  colorimetric 
determinations  can  also  be  considerobly  Incressed. 

The  number  of  investlgat Iona  devoted  to  the  study  of  the  possibilities  of 
colorimetric  analysis  in  the  ultraviolet  la  Insignificant.  The  majority  of 
them  does  not  go  beyond  the  construction  of  apparatus  designed  for  production 
analysis  of  one  compound, or  at  the  best  of  a  few  clAemlcal  compounds  li-ll).  It 
has  been  established  thereby  that  a  fewV substances  can  be  determined  colorimetric- 
ally  by  means  of  their  characteristic  absorption  bands  In  the  near  ultraviolet, 
at  concentrations  of  10”®tD 

The  main  obstacle  to  the  wide  introduction  to  analytical  chemistry  of  color¬ 
imetric  methods  based  on  absorption  of  ultraviolet  radiation  by  compounds,  is 
the  absence  of  light  loiters  for  the  U000-2CX)0  a  region  of  the  spectrum  which 
can  render  the  light  monochromatic  enough, auo  which  possess  stable  spectral 
characteristics. 

Glass  ofTi'peeUFS  [12], Corning  [15-1^],  U.G,  (I7l»  isolate  wide  spectral  bands 
In  the  tultravioict ,  and  do  not  ensure  selective  analysis.  The  small  number  of 
narrow  band  light  filters  for  this  part  of  the  spectrum, which  are  constructed  on 
the  basis  of  the  absorption  of  light  by  solutions  ( 16-20],  cannot  be  applied  in 
colorimetry  because  of  the  variability  of  their  spectral  characteristics  and 
tbelr  size.  Heterogeneous  ultraviolet  light  filters  constructed  on  the  principle 
of  the  selective  scattering  cf' light  ensure  highly  monochrocatlc  light  beam',  but 
the  spectral  results  vary  very  considerably  with  temperature  (21-2?). 

The  p'oblea  facing  colorimetry  in  the  ultraviolet  vhich  logically  arises 
from  the  pug^  Tiase  of  mcterlsl  vhich  hiR  been  accumulated  hlttertc  on  the  ultra¬ 
violet  absorption  spectra  of  chemical  coiai>ounds  and  tla;  small  amount  of  study 
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dcTOted  to  this  problea  Datumlly  necetsltflt«t  further  vork  on  tne  poientuily 
vide  use  of  the  ultrevlolet  In  quantitative  analyela.  Accordingly,  the  vork 
Vhlch  ve  have  carried  out  along  tbeae  dlrectlona  can  be  divided  Into  three 
•ectionat  a)  developovent  of  the  type  of  apperatua  dealgned  for  colorimetric 
vork  In  the  ultraviolet;  b)  a  search  for  chemical  light  filters  vhlch  can 
monochroaiatlte  the  ultraviolet  sufficiently  veil  and  have  stable  spectral  char* 
tcterlstlco;  c)  determination  of  the  sensitivity,  accuracy,  and  reproducibility 
Of  the  colorimetric  determination  of  solutions  of  chemical  compounds  by  their 
ultraviolet  absorption  spectra. 

Apparatus 

The  apparatus  proposed  by  us  previously  (2U]  vas  dealgiied  for  ob^lectlve 
colorimetry  In  the  ultraviolet.  Tb*  light  flow  vas  registered  by  means  of  tvo  ■ 

.  vacuum  ant laony>ce slum  photoelements  prepared  by  the  LIKI-  fitted  Into  the  arms 
of  a  photocolorimeter.  The  source  of  ultraviolet  vas  a  small  hydrogen  lamp  vltb 
tvo*vay  radiation,  made  by  the  Ttalon**  factory.  The  vattage  of  the  lamp  vas 
60*100,  and  it  vaa  supplied  from  127  V  a.c.  mains  (vlthout  voltage  stabiliza¬ 
tion).  The  colorimeter  lensea  vere  made  from  crystalline  quarts  and  the  vlodovs 
of  the  photcaleoents  of  INlol  glass. 

The  dlffei'ence  In  the  photo  currents  In  the  photoelement  circuit  was  ampli¬ 
fied  by  Kruaser' a  method  (2^1,  vhlch  la  exceptionally  simple.  The  cells  con¬ 
taining  the  solvent  and  the  test  solution  respectively  vere  placed  In  front  of 
one  of  the  photoelement s,  the  secpnd  photoelement  functioning  as  a  balancing 
attachment.  Readlnga  are  cade  by  the  metnod  of  optical  compensations.  The 
scatter  in  the  readlngf  of  the  tranamlsalon  of  the  solutions  does  not  exceed 

Light  Filters 

a)  Crystalline  light  filters.  In  choosing  light  filters  for  tlie  range  2^00- 
3000  A,  ve  decided  to  use  mixed  cryatals  of  the  alKa  11-hallde  salts  to  vhlch 
and  Tl^had  been  added. 

The  alkoli  halides  In  a  crystalline  state  are  transparent  to  the  ultrevlolet 
right  up  to  18OO-23OO  A  [26,  2T1;  vhen  small  amounts  of  R)  and  T1  are  Included 
in  the  crystals)  It  leads,  as  Rllsch  [27]  and  Koch  [28]  have  shown,  to  t.-ie  appear¬ 
ance  of  Intensive  absorption  bands  In  ^:he  3100-2300  A  region. 

A  comparison  of  the  absorption  spectra  of  aqueous  solutions  of  salts  of  the 
type  MeH  (Me  »  metal,  H  »  halogen)  vlth  additions  of  PbCl2  TlCl  [29,  30] 
enables  one  to  macrlbe  these  absorption  bands  to  complex  compounds  of  tne  type 
and  ^ 

The  spectral  characteristics  of  mixed  crystals  vere  first  used  by  Stekhanov 
[31]  for  preparing  solid  light  filters  having  narrow  transmission  bands  In  thd 
2300-2850  A  z^glon. 

The  lav  values  of  the  balf-vldth  of  the  transmission  bands  of  Stekhanov' a 
xlght  filters  (of  the  order  of  80-200  A)  and  the  stability  of  their  spectral 
.  characterlatlca  vlth  time  are  strong  reasons  for  using  these  filters  in  colori- 
, .metric  analysis. 

\  * 

Using  Stekhanov' a  data,  but  confining  ouraelvea  to  investigating  mixed 
I  ;  crystals  of  the  composition  KCl  *  KBr  PbCl^,  and  KCl  KBr  <*•  FbCls,  vc 

•  eatablisbed  that  the  spectra  of  crystals  of  the  type  KCl  4>  KBr  PbCl^  cannot 
I  ^  be  regarded  ee  e  superposition  of  the  absorption  banda  of  the  tvo  first  crys- 
I  tele  **  Figure  1.  This  fact  favors  both  the  view  that  the  abeorptlon  of  light 
I  *'  is  connected  vlth  the  formation  In  the  last  case  of  complexes  of  the  type 
I*  V  (EbCl^Brj),  and  also  supports  Gueda's  hypotbeala  re  the  chromophorxt-  properties 
!'•  of  the  trana  groups  of  the  form  Bi-‘He*E2  io  the  molecules  of  the  complex 
[' ,  compounds. 
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The  CBlxed  cryBtals  of  KCl  ♦  KBr  ^  fbCla  vere  obtained  by  Kyropoylat*  sethod 
(33)  hy  grovlQg  thco  iron  a  aelt  of  the  alxture  of  '.he  («alta  on  a  priaer  fixed 
in  the  block  of  a  vater-cooled  etcel  condenaer. 

‘  By  varying  the  coapoaltlon  of  the  alxture  KCl  ♦  KBr  4l%Cl2  ve  vere  able  to 
•uppleaent  Stekhaoov'a  resulta  with  the  folloving  three  light  fllterar 

I.  Cryatala  of  the  coopoaitlon  KBr  -  73%;  KCl  -  2U.6%;  FbCI^-O.k^.  Maxlaua 
tranaaiaalon  of  the  filter-  X^x*  ^  crystal  thickness  of  d  ■  3*3 

tranaaisaiqn  at  the  aoxlaua  vaa  Tgiax  *  33%»  the  half  vidth  of  the  transalsalon 
band  vaa  •  200  A  . 

.  2.  Cryataia  of  the  fnllovlog  coopoaitlon;  KBr  -  20%;  KCl  -  79%;  FbCl2  *  I%» 

For  d  -  4  oi  Xnax  •  2600  A;  T^ax  *  50>;  ^  •  150  A. 

3.  Cryotala*.  t%tBr  ♦  90. 8>;  KCl  ♦  1.2^k  R>Cl2.  Xj^x  ”  2570  Aj  for  4  2.3  . 

*MX  -  703;  -  250  A.  .  ■ 

The  cryataia  enumerated  abov^  Just  like  those  prepared  by  Stekbanov^'.paac 
light  of  vave  length  3200  A  ^vhich  vas  then  s^  jarated  by  Stekhanov  by  the  uae  of 
BaakeVa  aupplcmentary  gas  filters  l3»'^l*  -usorblng  in  the  region  5200to  5000  A. 

.  The  gas  filter  la  not  suitable  for  colorimetric  analysis, both  because  of  Its 

•  Ixe  and  also  because  of  Its  transparency  to  light  of  A.  Using  Ottmer'a 

data  ■  as  a  basis,  ve  tried  to  replace  the  gas  filter  by  a  disc  cut  from  a  crystal 
of  KaP  vhlch  bad  been  coated  by  heating  In  sod  lam  or  potassium  vapor,  Hovever,a8 
the  amount  of  crystalline  fiaF  at  our  disposal  vas  limited,  ve,  in  parallel  vlth 
Stekhanov,  only  carried  out  preliminary  vork  on  Investigating  a  similar  light 
filter,  the  spectral  characteristic  of  vhlch  Is  given  in  Fig.  2.  When  vorklng 
vlth  a  crystalline  light  filter  of  the  composition  given  above  ve  had  to  use, 
temporarily, a  liquid  light  filter  of  the  composition;  1.1  mol/lltcr  CI^  -t-’.Oklk  mol/ 
liter  Br2  In  CCI4.  The  thickness  of  the  solution  layer  vas  0.5  mm.  One  of  the 
vlndovs  of  the  cell  vas  made  from  ITFS-1  glass, of  d.  =  2nia.  The  spectral  character¬ 
istic  of  this  light  filter  Is  shovn  In  Fig.  2, in  comparison  vlth  the  transmission 
curve  for  UFS-1  glass. 

Crystals  obtained  In  combination  vlth  such  a  filter  are  not  trapspHrent  In 
.  the  3000  -  6700  A  region;  the  maxima  of  their  transmission  curves  11c  at  257U, 

2600  and  2'Joj  A,  The  transmission  at  the  raxi-mur.  values  ranging  from  100  to 
15%.  The  half  vidth  of  tlie  transmission  band  Is  80  to  I60  A.  The  transmission 
curves  are  shown  In  Fig. 

b)  Borate  Glasses,  In  order  to  maxe  light  filters  for  the  3000  to  UOOO 
region  ve  made  some  experiments  on  the  absorption  spectra  of  borate  glasses 
containing  traces  of  heavy  metals.  These  have  not  been  studied  In  detail  from 
•n  optical  point  of  view.  Some  of  the  results  obtained  arc  given  la  Fig.  3. 

The  folloving  light  filters  were  prepared  on  the  basis  of  similar 

glasses: 

1)  Glacs  of  the  composition:  Ka20 - 30.7%;  B203— 69.1%;  KaOrO^ — 

0.2%.  Xnax  *  510  bm;  d  ■  1  mm;  T^ax  •  X3%,  •  lA  om. 

• 

2)  Glass  of  the  composition:'  Na20~30.73%;  B203 — 69.lU%;  K2Cr04 — 

0.1%;  MnO— 0.001%.  «  313  sua;  d  ■  1  mm;  Tajax  • 

^  -  20  m>i  . 

I 
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Fit*;.  ).  Fbr.orption  .M  carveft 
for  .o  xcu  tty  -ta  j  c. 

Khi  0.»  ;  R)Cl?j  2)  KCi  ♦  • 
0.u>  I^Clr;  3)  *>0;.  KCI  ♦  50^  KBr  ♦ 
C.  i/  t'lClj. 


Fig.  2  Traosalseloa  oirves 

Glass  'JFS-1  (d  «  22a);  crystal  oi  RaF 
coated  In  Ka  vapor;  liquid  filuer  1.1  nol/1 
CI2  ♦  O.lU  aol/l  Br2  in  CCI4;  (d  ■  0.5  ®a) 


Fig.  5  TraaiMiisBlon  curvet  for  borate 
^  glatsea 

1  -  Ra2^  -  30.70J;  B2O3  -68.9i»^;  MnO  -  0 

2  -  Ra^O  -  50.66^;  B2O3  •  68.87^;  CoO  - 

5  -  N02O  -  50,7i&;  B2O3  -  63.^; 
H^O  U  -  HtgO  -  50.7&jt;  BaOs  -  69J 

KiCrOa  -  v>.5^j  5  -  Ka20  -  30.66^-,  B203  - 
6a.68J;  CuO  -  O.kS^;  6  -  KaaO  -  50.76%; 

B2O3;  -  69.17%;  Fe05  -  0.07%;  7  -  BaaO  - 
50.50%;  BaOa  -63.5^%;  R>0  -  0.96% 


/ 
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3.  GUat  of  the  coapoaltlon;  Na^O  8203  69.01i;  IC2Cr04  O.l^; 

NdO  0«17^*  X sax  ■  5^  '^aax  •  ***• 

k.  Clata  of  the  coapoaltloo:  Na20  30.67%;  8203  68.9^;  K2Cr04  0.07%; 

MnO  0.5i*%*  \  ■  530  au;  d  ■  I  dur;  T^hx  ■  l6%;  ^  «  2o 

3*  CLaaa  of  the  coaposltioo:  Na20  29.9^;  B203  66.02%;  KnO  2%,  Maximum 

tranaalaaloQ  la  located  at  X  ■  333  d  «  I  am;  T^ax  *■  16-20%;  ■  30  ixm. 

a 

The  tranamiaalon  curvea  for  these  light  filters  are  given  in  Fig.  U. 

Colorimetric  Determination 
in  the  Ultraviolet 

The  experiments  which  ve  carried 
out  along  this  direction  were  not  aimed 
at  developing  a  loethod  for  the  determ¬ 
ination  of  any  particular  chemical  com¬ 
pound,  though  the  results  given  below 
could  be  used  for  a  number  of  chemical 
analyses  without  essentially  changing 
the  colorimetric  tnethoda  which  we  adopt¬ 
ed.  Any  work  on  colorimetric  analysis 
in  the  ultraviolet  should  evaluate  the 
suitability  of  the  apparatus  and  the 
light  filters  for  carrying  out  analy¬ 
tical  work  in  the  spectral  region  *»000- 
2000  A,  and  also  aim  at  determining  the 
sensitivity  and  accuracy  of  such  anal¬ 
ysis.  for  this  purpose,  we 

chose  soceor^nic  compounds  suitable 
for  colorimetric  analysis, with  InLci.Flve 
absorption  bends  in  the  ultraviolet,  end  also  compounds  having  no  absorption 
bends  in  the  2‘)00-4000  A  region.  In  the  first  case,  which  is  the  moat  suitable 
for  colorimetric  analysis,  the  fietcmilnatlon  la  carried  out  directly  with  the  l^elp 
of  the  characteristic  absorption  of  the  substance,  while  In  the  second  case  a 
simple  chemical  reaction.  In  which  the  test  compound  Is  converted  into  a  pi'oduct 
which  absorbs  intensely  In  the  ultraviolet,  prececds  the  colorlaetrlc  detenalna- 
tlon. 

Benzene .  The  most  sensitive  method  for  the  determination  of  ben4,ene,  which 
is  based  on  the  nitration  to  dlnltrobenxene  followed  by  colorimetric  eatimatlon 
of  the  latter  in  acetone  solution  with  oddltioi;  of  alkali,  enables  quantitative 
analysis  to  be  carried  out  right  down  to  coace nti-at Iona  of  benzene  in  the  sample 
of  the  order  of  10*^%  I36,37l»  The  experimental  error  amounts  to  30%,  and  tto 
snalysla  takes  considerable  time.  Ve  carried  out  colorimetric  date  mi  nations  of 
benzene  in  ethyl  alcohol  without  any  preliminary  chemical  treatment  In  a  3  cm 
cell  with  a  light  filter  of  X  *  ^60  mu.  Some  of  the  analytical  results, 
which  are  adduced  in  Table  1,  demonstrate  that  even  when  working  on  the  *'edge'* 
of  the  absorption  band  for  benzene,  i.e.,  at  a  known  low  aenaitivity  for  color¬ 
imetric  determination.  It  Is  atlll  possible  to  determine  the  content  of  bentena 
In  solution,  down  to  concentrations  of  the  order  of  10~^f,  with  ressonable  ac¬ 
curacy. 

naphthalene.  Methods  for  the  quantitative  determination  of  naphthaLtne 
which  are  based  on  Its  condensation  with  picric  acid  [3^-39] »  on  Its  nitration 
to  nitrone pht ha leoe  or  to  trlnltronapbtbalene  [^0],  and  which  are  used  for  the 
analysis  of  coke-oven  gas,  for  the  analysis  of  air  in  factories,  and  in  food 
products,  eneble  it  to  be  determined  in  amounts  of  10*^  to  10'^%  in  the  test 
WAtarial.  A  long  time  Is  necessary  for  these  analyses. 


Fig.  U.  Transmission  curves  for  the 
light  filters. 


Ve  Mdc  colorlAAtric  detcrolnatioo  of  oaphtttolet^  aolutiooe  utio^  a  il£ht 
with  A  bax"  mil,  i.f.fon  the  lor«g  vove  aide  of  tlie  absorptioa  b«ad.  The 
MQiitlYlty  of  the  aru^iyaia  decreases  vith  other  filters, but  benzeoe  end  its 
boaoloss  do  not  Interfere. 

Results  of  the  anelynis  carried  out  in  s  ^  cm  cell  sre  given  in  Table 
The  lover  limit  of  the  concentration, determined  vith  r  relative  error  of  6^, is 
cm.  10"^^. 

Anthracene.  The  most  sensitive  spectropho tome trie  method  for  the  deter- 
mination  of  anthracene  in  petroleum  [4l]  allova  it  to  be  determined  in  concen¬ 
trations  of  the  order  of 


tABLE  1 

Benzene  in  Ethyl  Alcohol 

Bensene  Benzene 

taken,  in  found,  in  A  c/c,  % 

i  i 


a. 050  0.047 

o.ovo  O.OUl 

0.030  0.032 

0.021  ■  0.022 

0.015  .  0.016 

0.010  0.010 

0.0049  0.0047 

0.0025  0.0023 


TABLE  2 

Naphthalene  in  Ether 

Naphthalene  Naphthalene  [a  /  ^ 

taken,  in  %  found,  in  f  ^ 


0.00075 

0.00068 

0.00060 

0.00050 

0.00045 

0.00040 

0.00023 

0.00017 


0.00075 

0.000C5 

0.00062 

0.OG048 

0.00047 

0.00030 

O.OOC24 

0.00018 


Results  are  given  in  Table  3  for  the  color iTietric  deteralaat ion  cf 
anthracene  solutions  using  its  characteristic  absorption  in  the  u'ltravlc let. 

The  light  filter  used  had/  ,Bax  ■  555  a*u. 

Nitrobenzene .  By  converting  nitrobenzene  Into  dlnltrobenzene  and  carrying 
out  a  colorimetric  analysis  on  the  colored  solution  of  the  dlnltrokenzene  In • 
acetone  in  the  presence  of  alhali,  it  is  possible  to  determine  It  quant  its  t  iveiy. 
•t  concentrations  dovn  to  10*^^, vith  an  error  of  up  to  50^  l56).  The  method  Is 
not  specific;  benzene,  toluen/*  and  xylene  Interfere. 

In  our  experiments,  the  results  of  vhlch  arc  given  in  Table  3/ ''c  u?cd  t'ne 
characteristic  absorption  of  nitrobenzene  in  the  ultraviolet..  light  filter 
vithXoax  ■  315  nuu,  l.c., outside  the  region  of  absorption  by  l^^rocarbons  of  • 
the  benzene  aeries,  vas  used  for  the  colorimetric  determlrmtlon.  A  detemln- 
mtion  takes  5*10  minutes, end  the  sensitivity  la'  increased  considerably. 

line.  Small  amounts  of  aniline  are  usually  determined  colorlmetrlcally 
by  means  of  the  blue  aclutions  vhlch  are  formed  by  Its  oxidation  vith  chloramine 
in  the  presence  of  xibenol  [36]*  The  lover  limit  of  the  concentration  vhlch  can 
be  determined  quantitatively  la  of  the  order  of  The  error  of  the  method 

amounts  to  5O5I  a^d  amaohia  and  toluidine  interfere. 

It  is  possible  to  determine  eniline  colorlmetrlcally  vith  the  satse  aenai- 
tiTity,but  vith  m  smaller  error, by  its  characteristic  absorptioa  in  the  ultre- 
Tlolet. 

•• 

Reaultm  of  analysis  vhlch  ve  carried  out  usin^  a  light  filter  vithAsax  " 
275  m/i  for  a  cell  length  of  5  cm  are  given  in  Table  5> 

pyridine,  Qulm^llne.  Colorimetric  determinations  of  aqueous  aolutions  of 
pyridine  (Table  ^),  and  of  solutions  of  quinoline  in  ether  (Table  7), using  filters 
vith  \gjix  ■  260  m>Aand  ^oiax  *  515  m>A/ieaoa8trated  the  possibility  of  determin¬ 
ing  both  compounds  quantitatively  by  means  of  their  ebaorption  spectre  in  the 


ultnvlolet  it  conc«Dtratloas  of  the  order  of  10*^^.  The  exporljieDUil  error 
doee  not  exceed  ^ 


TABLE  3 


Anthracene  in  Ether 


Anthracene 
takeiv  in 

Anthracene 
founds  in 

Ac/c#  $ 

0.00017 

0.00017 

0 

0.000113 

0.000112 

1 

0.000050 

0.000(A7 

6 

O.OOOO3A 

•  0.000032 

6 

0.000020 

0.000021 

5 

0.000015 

O.OOOOlU 

6 

0.0000005 

0.0000090 

6 

0.0000056 

0.0000050 

12 

TABLE  k 


Hltrobenxene  in  Bthar 


Nitrobenxene 
taken,  In 

•  * 

Nitrobenzene 
found,  In 

Ac/c,^ 

0.00050 

0.000^8 

k 

0.00027 

0.00026 

k 

0.00020 

0.00019 

5 

0.00010 

0.00011 

10 

0.00008 

0.00008 

0 

0.00007 

0.00007 

0 

O.OOOOU5 

o.oooouo 

11 

TAEI£  5 


Aniline  In  Water 


Aniline 
taken, In 

i 

Aniline 
found,  la 

$ 

A  c/cti 

0.00125 

0.00125 

.  0 

0.00055 

0.00056 

■  2 

O.OOCi^O 

O.OOOU2 

5 

0.00023 

0.00025 

0 

0.00015 

0.00016 

6 

0.000000 

0.000085 

6 

0.000059 

0.000060 

1.5 

0.000050 

O.OOOOLO 

20 

TABLE  6 


^Tidlne  in  Water 


■pyridine 
taken.  In 

% 

P/r  Idlne 
found,  in 

Ac/c,  $ 

0.0150 

0.01U5 

3 

0.0080 

O.C08i* 

5 

0.0050 

CLOOk9 

2 

0.0030 

0.0030 

0 

0.00155 

0.00150 

3 

C. 00100 

0.00102 

2 

0.00080 

0.00075 

7 

0.00051 

O.OOOU5 

12 

0.00030 

.  0.00052 

7 

TABLE  7 


Quinoline  In  Ether 


Quinoline 
taken, in 

V 

Quinoline 
found,  In 

Ac/c,^ 

i 

0.00575 

0.00580 

1 

O.OC290 

0.0^230 

3 

0.00200  ■ 

0.00200 

0 

0.00115 

0.00110 

5 

0.00060 

0.00063 

5 

0.000U6 

0.00043 

7 

0.00015  . 

0.00010 

20 

TABLE  6 


Carbon  Disulfide  In  CH4 


Carbon 
d Isulf Ide 
taken,  in  t> 

Carbon 
disulfide 
found.  In  % 

Ac/c,  $ 

0.0103 

0.0185 

1 

•  0.0075 

0.0073 

3 

0.0044 

0.0043 

2.5 

0.0026 

0.0025 

4 

.  0.00101 

0.00105 

4 

0.00069 

0.00072 

4 

0.00050 

0.00055 

10 

•  0.00040 

0.00045 

11 

irbon  Disulfide . 


Small  amounts  cf  carbon  dlaulfide  are  usually  deter¬ 


mined  colorlmetrlcally  after  conversion  into  colored  copper  d  1  thlocar betas te. 
The  sensitivity  of  such  determinations  amounts  to  10 '^-10*^^  for  a  relative 
experimental  error  amounting  to  5^^  13^1. 
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Ve  ueed  its  absorption  of  light  of  vavc  length  a>*  for  its  determination. 
Tbo  results  adduced  in  Table  6  Indicate  the  high  accuracy  of  this  method. 

%hlch  doea  not  absorb  in  this  spectral  region^ dees .not  interfere. 

Acetone,  methylc thy Ike tone,  and  nethylpropylketone.  The  lover  limit  of 
acetone  concentration  vhich  can  be  determined  by  Measinger's  method  [U2]  is  of 
the  order  of  The  method  baaed  on  the  action  of  hydroxylamine  hydrochlor-  ' 

Ida  on  a  sample  containing  the  acetone,  vith  subsequent  titration  of  the  HCl 
game  rated,  has  a  almilar  sensitlYity. 

Tbs  abaorption  spectra  of  the  aliphatic  ketones  include  absorption  bands 
at  270  ax.  The  numerical  valiies  of  the  absorption  coefficients,  hovevei;  are  in¬ 
significant,  and  enable  ketones  to  be  determined  at  concentrations  of  10 and 
higher  in  the  test  sample. 

Keaslnger'a  reaction  la  characterized  for  aliphatic  ketones  of  the  type 
CHm—  CO  —  R, whereby  iodoform  is  obtained  vhich  has  an  exceptionally  intense 
absorption  band  at  3^0  mx.  be  used  this  fact  as  a  basis  for  the  colorimetric 
determination  of  small  amounts  of  acetone,  methylethylketone,  and  methylpropyl- 
ketone. 

20  cm*  of  a  solution  of  the  composition  200  g  KI  ♦100  g  la  ca^  water 

are  measured  Into  a  100  cm^  separating  furnel,and  6.6  cm^  of  NaOH  and  20  cm^ 
of  the  solution  to  be  tested  for  its  ketone  content  added. 

The  mixture  Is  shaken  vigorously  for  5  mlnutecv  after  which  excess  is 
destroyed  by  addition  of  0.1  cm^  of  5^  Na2S203, end  the  iodoform  extracted  with 
20  ca^  chloroform. 

After  10  minutes  standing, the  chloroform  is  poured  into  the  cell  and  the 
Iodoform  determined  colorimetrlcally,  using  a  light  filter  with  3  35!*  n^aani 

a  cell  length  of  3  cm. 

The  analytical  results  are  given  in  Tables  9-11* 

Aliphatic  alcohols.  Dsta  on  the  sensitivities  of  various  analytical 
determinations  of  small  amounts  of  aliphatic  alcohols  are  contradictory 
The  lowest  concentration  vhich  can  be  determined  fairly  accurately  is  ca . 
Vorokhobin*  8  method  (45),  when  carefully  fol Lowe enabled  the  author  to  detcnalne 
the  concentration  of  ethanol  in  biological  media  down  to  concentrations  of  5*10"^% 
vltn  experimental  error  of  the  order  of  lO^t. 

Rizovkins'a  colorimetric  method  is  complicated  and  leads  to  considerable 
loss  of  material  [46]. 

For  carrying  out  colorimetric  determinations  of  solutions  of  methyl,  ethyl, 
isopropyl,  n-butyl  and  n-octylalcohola, ve  used  the  absorption  spectra  of  the 
alkyl  nitrites  obtained  by  the  action  of  nitrous  acid  on  the  respective  solutions. 
These  absorption  bands  occur  at  57^  mx^nd  5^^  mx.  The  procedure  adopted  was  as 
follows;  20  cm^  of  the  test  solution,  1  cm^  of  5N  HCl,  and  20  cm®  of  aviation  gas- 
l)llne  (washed  several  times  with  fLgSO^  (1  ■  1.34),  NaOR  solution  and  water] 

.  vara  placed  in  a  lOO-al  separating  funnel,  to  which  was  quickly  added  2  cm®  of 
BaROs  aolutloQ,aad  the  funnel  shaken  vigorously  for  5  minutes.  The  'gasoline 
layer  was  poured  into  a  second  separating  funnel  and  shaken  up  with  20  cm®  of 
0.1  V  RaOH  for  5  minutes.  gasoline  containing  the  alkyl  nitrite  was  then 
poured  into  a  2  cm  length  cell  and  determined  coIorlAetrlcally, using  a  light 
filUr  with  Xqjx  -  355  ' 

The  resulta  of  these  analyaea  are  given  in  Tablea  12-l6. 


8U^«ARY 

1.  Uaing  borate  glass,  ultraviolet  light  filters  were  made  with  maximum 
transaistions  at  310,  315,  520,  330,  and  555  *a.  In  addition  to  Stakhanov*  a  light 


TABLE  0 


Acctooo  Id  VaUr 


Acetone 
take^  in 

Acetone 
foun^  In 

0.0009k 

0.00093 

1 

O.OOOU2 

0.00041 

2.5 

0.00021 

0.00020 

5 

0.00017 

0.00018 

6 

0.000150 

0.000125 

k 

0.000068 

0.000070 

5 

0.000053 

0.000050 

6 

0.000033 

0.000055 

8 

TABLE  11 

Mt  thy  Ipropy  Ike  tone  In  Water 


Hethylpropyl- 
ketone  taken, 
in  i 

Methylpropyl- 
fountl  In  ^ 

A: 

0.00051 

0.00030 

3 

0.00022 

0.00021 

5 

0.00015 

0.00015 

* 

0.000110 

0.000105 

5 

0.000095 

0.000090 

c 

0.000075 

0.000075 

0.000040 

0.000035 

12- 

0.000018 

0.000020 

11 

TABLE  15 

Ethanol  In  Water 


Ethanol 
taken, In 

% 

Ethanol 
found, In 

% 

Ac/c,f 

0.0360 

0.0551* 

2 

0.0225 

0.0224 

0.5 

0.0090 

0.0096 

7 

0.0068 

0.0064 

6 

0.0051 

0.0051 

0 

0.0036 

0.0040 

10 

0.0018 

0.0020 

10 

0.0006 

0.0007 

12 

TABLE  10 


He  thy le thy Ike tone  In  Veter 


Hethylethyl- 
ketone  taken, 
In  i 

Methyiethyl- 
ketone  found, 

In  i 

Ac/c,* 

0.00067 

0.00066 

1.5 

0.00040 

0.00059 

2.5 

0.00034 

0.00035 

5 

0.00025 

0.00025 

0 

0.00018 

0.00020 

10 

0.00010 

0.00011 

10 

0.000065 

0.000060 

11 

0.000032 

0.000028 

15 

•  TABIE  12 

Methyl  elcohol  In  Water 


Methyl  alcohol 
taken,  in 

i 

Methyl 
alcohol 
founds  in  i 

Ac/c,^ 

0.0200 

0.0202 

.  1 

0.0116' 

0.0110 

6 

0.0085 

0.0086 

1.5 

0.0053 

0.0058 

Cl 

0.0046 

0.0043 

6 

0.0030 

0.0032 

7 

0.0022 

0.0023 

5 

0.00085 

0.00080 

6 

TABLE  lU 

Isopropyl  Alcohol 


Isopropyl  ! 
alcohol 
taken,  in  %  1 

!  Isopropyl 

1  alcohol 

1  found.  In  % 

A  c/c,f 

0.0575 

1  0.0370 

1.5 

0.0100 

0.0096 

4 

0.0066 

0.0062 

7 

0.0042  . 

0.0039 

5 

0.0020 

!  0.0020 

0 

0.00125 

0.00150 

4 

0.00080 

0.00087 

9 

0.00040 

0.00046 

15 

filters,  crystal  filters  were  also  constructed  vhich  could  isolate  narrov  parts 
of  the  spectruA  at  2^7^260  and  2J0  B>i. 

2.  Using  a  nuaber  of  organic  conpounds  as  exasplea,  the  possibility  has 
been  demonstrated  of  carrying  out  highly  sensitive  colorlaetrlc  deterelnatlons 
by  ■eans  of  the  characteristic  absorption  of  these  coopounds  In  the  ultraviolet. 
In  addition, It  has  been  shovn  hov  It  Is  possible  to  use  slaple  chealcal  reactions 
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vMcb  givo  rtB«  to  the  fonaitiOD  of  products  vhlch  absorb  the  ultraviolet 
inUasaljr,  for  ultraviolet  coloriaetr/. 


TABU  1? 

e 

n-But/l  Alcohol 


Alcohol 
take^  in 

Alcohol 
found,  in 

Ac/c,% 

0.0300 

0.0293 

2.5 

0.0130 

0.0155 

4 

0.0090 

0.0092 

2 

0.0056 

0.00^ 

4 

0.0033 

0.0030 

10 

0.0022 

0.0024 

9 

0.0011 

0.0013 

18 

0.00050 

0.00058 

16 

TABLE  l6 


n-Octyl  Alcohol 


Alcohol 
taken,  In 

i 

Alcohol 
found,  in 

i 

Ac/c,J 

0.0317 

0.0320 

1 

0.0096 

0.0090 

7 

0.0079 

0.0082 

4 

0.0053 

0.0048 

9 

0.0032 

0.0032 

0 

0.0016 

0.0015 

6 
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APPLICATION  OP  THE  LLTR/.V TOIiTT  IN  ANALYTICAL  CHEMISTRY 


3.  A  PHOTOMETER  FOR  tUITRAVIOLET  COLORIMETRY 


K.P.Stol/arov  and  I.A.Strolynrova 
A.A. Zhdanov  Leair.grad  State  University 


The  colorlneters  and  photometers  vhlch  are  In  use  at  the  present  are  adapted 
for  vorklng  In  visible  pert  of  the  spectrum, 750-^00  m*4.  for  this  purpose 
the  following  conditions  must  be  satisfied: 

1)  the  compound  which  is  to  be  detenalned  colorimetries lly  must  be  intensely 
colored; 

2)  the  color  of  the  compound  must  remain  constant  with  ttne*. 

3)  the  solution  which  Is  to  be  analyzed  color Imetrlcally  should  not  contain 
colored  compounds  which  can  give  rise  to  colors  with  the  rebgents. 

T^iese  conditions  are  not  always  setlafled^so  that  the  number  of  compounds 
vhlch  can  be  determined  colorlmetrlcally  is  restricted.  The  colorimetric  deter- 
■  liMtlon  of  compounds  having  a  yellow  color  cr  only  very  weakly  colored  is 
very  difficult,  while  the  colorimetric  detemlnatlon  of  colorless  cfr'mpoundb*  is 
impossible. 

By  extending  the  spectral  region  used  for  colorimetry  cn  the  short  vsvc 
length  side,  It  becomes  possible  to  increase  tr.e  number  oi  compounds  wnlch  car.  be 
determined  colorlmetrlcally  considerably.  • 

By  observations  In  the  ultraviolet,  it  Is  often  possible  to  use  the  absorp¬ 
tion  of  rays  by  a  complex  of  simple  composition,  or  even  of  a  simple  compound 
vhlch  Is  colorless  or  only  slightly  colored  in  the  visible  part  of  the  spectrum. 

Pome  substances  which  lnte-“fe:e  during  colorimetric  determlnatlonc  by  the 
normal  method  do  not  Interfere  In  th?  ultraviolet, since  tneir  absorptior 
spectra  at  certain  wave  lengths  are  characterired  by  s  minimum  abborpticn  of  the 
ultraviolet.  Kiiowing  the  spectral  characteristic  of  light  absorption  by  sol¬ 
utions  of  various  compoundo,  we  can  simplify  the  analysis  considerably  and  reduce 
to  a  minimum  the  necessity  of  a  preliminary  separation  of  Interferlrtg  elements. 

If  a  cell  containing  a  substance  which  absorbs  the  -ultraviolet  la  placed 
in  the  path  of  ultraviolet  rays,  then  on  examining  the  cell  through  a  fluorescent 
screen  ve  see  a  veakenlug  of  the  photo luminescence  of  the  screen  (l,  2).  If  the 
test  substance  does  not  absorb  the  ultraviolet,  then  the  photx>lumineacence  of 
the  screen  remains  unchanged.  Thus, by  having  two  fluroescent  screens  of  equal 
intensity, ve  can  estimate  the  extent  of  the  absorption  of  the  ultraviolet  by 
the  aubstance  by  placing  the  substance  between  the  source  of  light  and  one  of 
the  screens,  and  examining  the  two  screens  simultaneously. 

•  In  the  ultraviolet,  in  contrast  to  colorimetry  in  the  visible  spectrum, we 
are  comparing  not  a  characteristic  color  of  the  test  solution, but  the  intensity 
,  of  the  photo luminescence  of  a  screen,  vhlch  Is  dependent  on  the  extent  of  the 
absorption  of  light  by  the  teat  substance  in  the  given  spectre!  region.  Thua^ 
va  are  rid  of  the  necessity  of  satisfying  certain  cooaitlons  which  must  be  ob- 
aerved  in  the  visible  spectrims. 
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On  tbit  prlnclplt)  of  oieaourlng  Inteoelty  of  tbe  photolualr«rtcencc  ac¬ 
cording  to  the  extent  of  the  absorption  of  the  ultraviolet  by  the  teat  solution, 

•  Ylaual  photoaeter  has  been  constructed  for  the  ultraviolet  pert  of  the  spectrua. 

The  photocoeter  proposed  consists  of  the  following  basic  parts;  an  ultra- 
▼lolet  source,  an  object  stage  with  a  quartz  plane  parallel  cell,  Interchangeable 
Objectires  with  fluorescent  screens,  and  stands  for  carrying  the  photoesetrlc  set¬ 
up. 

The  path  which  the  rays  follow 
and  the  experimental  technique  used 

®for  operating  the  ultraviolet  photo- 
^  aeter  are  clear  from  a  consideration 

of  the  principal  features  of  the  set- 
•  Y*  _ _ •  up, as  illustrated  in  Fig.  1. 


I  r^-,  j  The  ultraviolet  rays  emitted 

^ by  the  light  source  1,  pass  through 
I  $  ®  light  filter  2,  which  reaqves  the 

I  ■  :  ;  P  ^  visible  part  of  the  cpectrun  from 

■  ^ radiation  from  the  light  source, 

C77\  /'"b  j  leaving  the  part  at  565-3^30  Sub- 

sequent ly,  pert  of  the  ultravioltt. 

•  •  rays  falls  directly  or.  the  objective 

^  of  the  photometric  set-up  U,  while 

*  the  other  part  passer  first  tnrough 

^  _  the  cell  containing  a  solution  of 

test  material  J,  end  then  or.  the 
objective  **,  A  layer  of  fluorescent 
material  is  super iapesed  or.  tnc  oack 

rig.l.  Settle  dla^aa  of  a  photomrtar  ulrraviol^f.  light 

for  colorimetry  In  the  ultiavlolet.  falls  on  It 

1)  Light  source;  a)  and  11)  light  filters;  ^ 

3)  cell;  4)  and  7)  objectives;  5)  flores-  contaln- 

cent  ccreena;  6)  dlaphragne;  8)  and  9)  •  naterlal.sone  of  these 

prla«a;  10)  eyepiece.  absorbed  If  the  test  v.ateru: 

absorbs  ultra  violet-’ Ight  of  t.he 
given  wave  length,  sc  that  the 

photo  luminescence  of  the  objective  will  accordlugly  weaken  more  tlian  the  photc- 
lumlneecence  of  the  objective  on  which  the  uitra-vlolet  rays  fall  directly. 

In  order  to  compare  the  Intensities  of  the  photolualnescence  of  the  respec¬ 
tive  objectives,  the  apparatus  Is  fitted  with  diaphragms  6,  r.ounted  or.  ur'.p*, 

-and  graduated  In  terms  of  the  optical  density  of  the  solutions  of  the  test 
nnterlal  and  the  percentage  transmission.  Having  passed  tnrough  tie  oiaphragns, 
the  rays  fall  on  the  Internal  objectives  J,  which  serve  as  a  control  for  en- 
■urlng  that  the  rays  are  parallel,  and  then  through  the  rhombic  prisms  6^  which 
bring  the  rays  closer  together.  From  the  rhonblc  prisms  the  two  sets  of  rays 
vblch  have  been  brought  close  together  fail  on  an  acute-angled  prism  9,  which 
converges  the  rays  closely  so  that  the  right-hand  beam  is  visible  in  tne  eye¬ 
piece  on  the  left-hand  side  of  the  illuminated  field,  while  the  left-hand  beam 
la  visible  on  the  right-hand  aide  of  the  eyepiece.  F.x>m  the  acute-engled  prl&a 
tha  raya  fail  on  the  eyepiece  10.  Thus,  in  the  eyepiece  we  can  see  two  Illum¬ 
inated  halves^  which  are  not  lllualnated  directly  In  the  normal  fashion  from  the 
.  .  source  of  li^t,  but  as  a  result  of  the  photolualnescence  of  the  screens.- 

If  the  test  sample  does  not  absorb  the  ultraviolet  of  a  given  wave  length, 
then  both  halves  of  the  field  will  be  equally  Illuminated.  If  it  doea  absorb, 


Flg.l-  Schematic  diagram  of  a  photometer 
for  colorimetry  In  the  ultiavlolet. 

l)  Light  source;  2)  and  11)  light  flLters* 
3)  cell;  4)  and  7)  objectives;  5)  fiores- 
cent  screens;  6)  diaphragms;  8)  and  9) 
priama;  10)  eyepiece. 
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then  0D«  half  vlll  be  darker  than  the  other.  By  rotating  the  drxa&a  attached 
to  the  atopa,  it  la  poaalble  to  equalize  the  Inteneltlea  of  the  photolvsaineacencea. 
The  reading  of  the  drum  losxedlateiy  gives  the  optical  density  and  the  amount 
of  Ili!{ht  transmitted,  since  the  chan^  in  the  amount  of  absorption  of  the  ultra¬ 
violet  rays  of  a  given  wave  length  by  the  substance  la  proportional  to  a  change 
lo  the  intensity  of  the  photolusinescence . 

Tarioua  regions  of  the  ultraviolet  spectrum  can  be  chosen  according  to  the 
absorption  spectra  of  the  test  material.  In  order  to  do  this  the  ultraviolet 
source  can  be  changed.  Thus,  for  the  mM  region  the.FRK-k  lamp  or  SVISh- 

2y>  yith  UFS-3  light  filters  can  be  used;  vhlle  for  the  313  m;Li  region  the  FRK-^ 
vith  liquid  light  filters  (a  solution  of  potasslicn  chromate  In  vet«r)  is  sult- 
abletsnd  for  the  23^  m/i  region,  a  bactericidal  lamp  fitted  vlth  a  UFS-1  filter 
can  x>e  used. 

When  the  region  of  the  ultraviolet,  to  be  used  Is  changed,  the  fluorescent 
screens  must  also  be  changed,  since  they  are  excited  by  lines  of  definite  vave 
length  in  the  ultraviolet. 

In  the  set-up  vhlch  ve  have  adopted,  wc  used  screens  excited  by  rays  of  vave 
length  of  ca.  365  m>i, consisting  of  ZnS* Cu,ZnS*Sb,  Mn;  and  screens  of  uranium 
glass  and  Ca3(P04)2»  F*B1',  Mn,  for  the  313  a^iregion.  Uranium  glass  can  also  be 
used  for  the  ultraviolet,  region  of  23^  nvu. 

When  vorklng  In  the  313  region  or  In  the  shorter  vsve  length  reglonr  of 
the  uillravlolet,  the  fluorescent  material  Is  applied  to  the  objective  on  the 
outer  and  not  the  inner  side, since  the  glass  of  the  objective  completely  absorbs  . 
ultraviolet,  rays  of  these  vave  lengths  and  no  photo luminesce nee  would  he  ob¬ 
served.  When  vorklng  In  the  3^5  region  of  the  ultraviolet^  the  fluorescent 
material  must  be  applied  on  the  inner  side  of  the  objective  in  order  that  the 
monochromatic  character  of  the  excited  photo luminescence  be  preserved  (sc  thet 
it  Should  only  be  that  from  the  3^53  m>i  region),  since  the  fluorescent  materials 
are  excited  by  other  regions  to  only  a  very  ins Ignlfl rent  extent. 

The  color  of  the  photo  luminescence  will  vary  vlth  tl.e  fluorescent  material 
employed.  It  is  best  to  choose  fluorescent  material  which  fluoresces  with  a 
white  or  a  pale  yellow  color  (the  eye  becomes  less  fatigued).  A  green  light 
filter  11  may  be  Introduced  between  the  acute-angled  prism  9  end  the  eyepiece 
10, In  order  tc  increase  the  sensitivity. 

The  sensitivity  of  detemlcatlons  carried  out  on  our  photometer  exceeds 
that  of  visual  measurements  In  the  visible  spectrum  using  the  systems  used 
at  present  in  colorimeters  and  photometers,  and  Is  fiequ^ntly  equivalent  to 
photoelectric  methods.  Tlic  mean  sensitivity  Is  v.  .2-o.3>i  g/al. 

As  an  example  of  the  practical  application  of  the  photon»etei;  we  adduce  below 
a  method  which  we  developed  for  the  colorimetric  determination  of  traces  of  iron 
in  cobalt, using  the  photometer  described  above  in  the  ultraviolet  .  region. 

The  colorimetric  determination  of  traces  of  iron  In  the  presence  of  large 
amounts  of  cobalt  la  difficult  in  the  visible  spectrum  because  the  oieasurements 
of  the  color  intensity  of  the  Iron  complexes  must  be  carried  out  in  the  U30-U30 
m>4  region,  while  In  this  region  absorption  bands  of  cobalt  aalta  are  also  located 
(Fig.  2). 

When  Iron  io  determined  cj  the  thiocyanate  complex,  the  interfering  action 
is  even  more  strongly  pronounced^  because  of  the  formation  of  a  cobalt  thiocyan¬ 
ate  complex. 

From  the  absorption  curves  It  la  clear  that  cobalt  does  Dpt  interfere  vlth 
the  determination  of  Iron  if  light  of  vave  length  A •  363  B>iia  used,  since  these 


rt/t  are  Dot  abeorbad  by  cobalt  oalts,  vhlle  at  the  aoxc  tlae  ttic  abaorptlon  co- 
afficicDt  of  tba  ferric  thiocyanate  coaplex  renaina  highi. 


Fig. 2.  Absorption  curves  for  solutions 
of  ferric,  cobelt  and  nickel  thiocyanates. 
I)  ♦  CN.S“;.  II)  Co^*^  ♦  CNS'; 

III)  Nl*’*'  ♦  CNS* 


In  order  to  detenair*e  iron  In 
the  presence  of  large  quantities 
of  cobalt,  therefore,  in  thic  port 
of  the  spectrum  ve  used  the  ultra¬ 
violet  photometer  described  above. 

The  experimental  procedure 
van  as  follows; 

The  teat  solution  containing 
Iron  was  placed  in  a  2^  ml  standard 
flask  and  acidified  with  0.^  ml  of 
HNO3  (1:1);  2.5  ml  of  a  lOi  scl- 
utioQ  of  potassium  thiocyanate  was 
then  added, and  the  volume  made  up 
to  the  naric. 

This  solution  vae  then  trans¬ 
ferred  bo  trie  quartz  plane  parallel 
cell  (2t»  ml  capacity)  In  the  ultra¬ 
violet  photometer,  and  its  optical 
density  meesareu.  Having  measureu 

the  optical  densities  of  a  series 
of  a  serie?  of  rolatlons  wlti'i  vary¬ 
ing  Iron  concentrations,  vc  con¬ 
structed  a  csllbrntlcn  e.rve  i elating 
optica..  6M'..':ity  'D)  to  iron  ccr.co". 
tration  (Fig.  3) . . 


Keasurementa  carried  out  by  means  of  the  calibration  curve  showed  that  by 
oeana  of  this  method  It  is  pcs.'*lbleto  determine  iron  In  amounts  of  from 
to  0.2  mg  in  25  ml  with  a  relative  error  of  1-2%  (Table  1). 

Results  for  the  cetermlriatlon  of  Iron  In  solutions  of  Its  pure  salts  and 
in  the  presence  of  nickel  and  cobalt  are  given  in  Table  2. 


tains  sll  the  Iron  originally  in  solution 
for  iron  gave  negstive  results). 


Cobalt  does  not  interfere 
with  the  Iron  de teralrifl t  Ion  In 
amounts  of  up  tc  g 
solution.  Nickel  should  not  be 
present  in  amounts  of  more  then 
7.0/4  g  per  25  ml. 

The  separation  of  iron  from 
a  solution  containing  cobalt  and 
come  nickel  can  be  effected  by  co- 
precipitation  of  ferric  hydroxide 
with  the  basic  salts  of  tlieae  ele¬ 
ments,  For  this  purpose  aononls 
is  added  to  the  week  acid  solution 
of  the  eleo>>nt8  till  a  small  amount 
of  precipitate  is  formed,  which 
cootainr.  the  basic  saltn  of  nickel 
and  cobalt.  The  precipitate  con- 
(a  colorimetric  teat  on  the  filtrate 


ij  The  ammonia  solution  itself  should  not  contain  traces  of  iron.  If  it  does, 
than  a  blank  test  must  be  made  in  which  the  iron  is  coprecipitated  from  the 
amount  of  ammonia  to  be  used,  by  means  of  basic  cobalt  salts. 


TABLE  1  The  filtrate  la  flltcreU  off; 

washed  with  water,  and  washed  froa  the 
filter  paper  Into  a  beaker.  The  pre¬ 
cipitate  Is  then  dlsBolved  by  an  ad* 
dltlon  of  0.5' tl  of  HNO3  (1:1).  The 
aolutloa  obtained  Is  transferred  to 
a  2^  al  atandard  flask,  and  2,^  al  of 
10^  potatsl'jBs  thiocyanate  added}  then 
it  la  Bade  up  to  the  mark  with  water. 
After  Blxlng,  the  aolutlon  Is  transferred  to  the  photooeter  cell  and  the  optical 
denalty  deteralned.  Froa  the  calibration  curve  the  concentration  of  iron  which 
eorraaponda  to  the  optical  denalty  deteralned  for  the  aolutlon  can  then  be  founl. 


TABLE  2 


To  taken,  In  | 

Co  taken.  In  N1  taken,  In 

1  g 

Fe  found,  in  Relative  error, 

:  'g  In  i  ' 

17.6 

>*9.7} 

17.8  1.1 

17.6 

7^-60 

18.0  2.2 

1 

55.2 

6.57 

55.2 

55.2 

7.59 

58.0  e.o 

J5.2 

‘‘9.75  6.57 

35.0  1  0.6  . 

In  conclusion  we  should  like  to  express  oar  deepest  grutltude  to  Prof.  Yu. 
V.Morachevsl^  for  his  advice  in  carrying  out  the  work. 


SUMMARY 

1.  The  principles  of  colorlietry  in  the  ult.avloletc  are  described. 

5*.  ronstructicn  cf  a  photoaeter  Tsji  ^violet,  colorimetry  la 

described. 

3.  A  method  is  deecrlbed  for  the  determination  of  traces  of  Iron  In  cobalt 
byoeans  of  ultraviolet  colorimetry. 
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.  TBB  POUBOCRAP^  Of  FUSED  SALTS 


Yu.  S.  Lyullkov 

Krlvol-Rog  Ore  Mining  Institute 


Tbe  nature  of  fused  salts  has  attracted  the  attention  of  physical  chealsta 
and  analysts  for  a  long  tlae.  Practically  all  the  methods  of  physlco *cheDlcsl 
analysis  have  been  widely  applied  for  the  study  of  fused  salts.  These  include 
■easurements  of  tbe  electro-conductivity,  viscosity,  and  electroootlve  force, 
etc.  Revertheless,  none  of  these  methods  enables  the  presence  of  any  particular 
Ion  to  be  estsDIlsned  In  the  fused  salts, or  enables  ionic  pr^cfuses  occurlng  in 
the  fused  salts  to  be  Investigated.  The  attempts  to  use  the  polarographlc 
■ethod,  which  has  found  wide  application  for  the  study  of  soiotions,  for  In¬ 
vestigating  fused  saltsare  of  particular  Interest.  Tbe  American  research 
workers  Steinberg  and  Kachtrleb  [l]  mechanically  carried  over  the  practice  of 
polarography  with  the  mercury  dropping  electrode  to  the  study  of  fused  salts. 
Their  work  showed  the  limitations  of  polarography  with  the  mercury  dropping 
electrode.  Only  fused  salts  with  temperaturea  not  exceeding  l30-«w0*  can  be 
Investigated  by  this  method.  Considerable  successea  have  been  attai’'ed  in  the 
polarography  of  fused  salts  by  the  use  of  solid  electrodes.  In  a  aomber  of 
researches  which  ve  carried  out  during  l9^7-lSr2  [2, 5,^1,  we  demonstrated  the 
possibility  of  canviog  out  polarographlc  determinations  on  a  number  of  catlona, 
using  fused  salts  aa  tne  aupporring  exectrolyxea,  over  che  nemperaiure  range 
200-1000*.  Other  authors  [^,6]  have  conflnned  our  findings. 

The  fundamental  question  in  the  polarography  of  fused  salts  is  that  of  the 
supporting  electrolyte  to  be  used.  If  one  is  to  draw  a  complete  analogy  between 
the  polarography  of  solutions  and  fused  salts,  one  should -celect  such  a  futteJ 
salt  that  it  would  by  Itself  be  a  non-conductor  for  electricity,  but  by  readily 
dlesolvlng  salts  of  the  alkali  metals  It  would  become  an  electrical  conductor. 

Of  the  Inorganic  salts,  fused  ZnCl^,  Alla  ^nd  certain  others  possess  such  proper 
ties.  Thus,  Icbekov  and  Nlzhnik  [6j  obtained  the  following  results  for  the 
electrical-conductivity  In  the  system  Allj  -  KI: 

♦  o'  1.58  5.68  7.78 

Xln  Bho.  •  5.52*  W*  2.68- 10"®  8.U2-1D** 

At  ctn.be  tee addition  of  KI  leads  to  a  sharp  increase  in  the  electrical 
•conductivity  of  the  fused  salt.  The  use  of  ZnCl^  as  a  supporting  electrolyte 
for  polarography  has  not  been  a  success.  Obviously  aa  the  result  of  the  very 
slow  removal  of  moisture  from  this  salt  when  fused, Its  electrical  conductivity 
is  to<f  high  imaediately  after  fusion  without  any  KCl  being  added.  In  addition, 
because  of  the  high  viscosity  of  fused  ZnCis*  it  is  very  difficult  to  handle. 
Further  work  should  clarify  tbe  applicability  of  this  salt  as  a  suitable  aup- 
porting  electrolyte  for  polarographlc  work.  Baalcally  for  the  polarography  of 
fuaed  aalta  it  la  tbe  easily -fusible  alkall-oetal  salts  which  have  bean  used, 
tbs  cations  of  which  are  reduced  at  sufficiently  negative  potentials  on  a  plat¬ 
inum  alectrode.  The  high  electrical  conductivity  of  these  salts  necessitates 
taking  special  precautions  for  suppressing  condenser  currents.  Using  these 


r 
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•alts  ••  supporting  sl^ctrolytes,  It  It  possible  to  csrr/  out  polsrogrsphlc  deter¬ 
minations  of  Ions  reduced  at  potentials  down  to  *10  V.  Belov  this  potential  s 
gonersl  Increase  In  the  voltage -current  curve  of  the  supporting  electrol/te  occurs^ 
sod  it  becooes  Impossible  to  determine  the  vsve  height. 

Zoos  in  fused  salts  can  determined  b/  means  of  various  types  of  electrodes. 
Micro-electrodes,  rotating  electrodes,  and  the  dlpplxig  electrode  vhlch  ve  have 
suggested  give  equally  good  results.  Mxcro-electrodes  give  taall  diffusion  cur¬ 
rents,  to  that  at  lov  cooceii  wi  a  tic  ns  termination  becomes  difficult.  The  ro¬ 

tating  electrode  gives  considerably  larger  diffusion  currents, but  from  the  point 
of  view  of  construction  its  appllcstlon  la  very  difficult.  When  vcrklng  at 
high  temperatures  it  Is  difficult  to  svold  vibrations  of  the  electrodey  vhlch  dis¬ 
tort  the  polarographlc  process.  Considerable  difficulties  also  arise  vhen  chang¬ 
ing  the  fused  salts.  In  our  opinion,  the  dipping  electrode  Is  the  most 
suitable  for  atudylng  the  polarography  of  fused  salts,  rxindamental  vork  has  been 
carried  out  by  means  of  this  electrode,  although  both  the  micro-electrode  and  the 
rotating  electrode  have  also  been  used  for  some  determinations. 

All  these  types  of  electrodes  can  be  used  for  polarographlc  analysis  by 
utlllclng  the  follovlog  types  of  diffusion  currents; 

1)  "thiov"  current,  vhlch  is  formed  right  at  the  very  moment  vhen  the  po¬ 
tential  Is  applied; 

2)  "atahle”  current,  established  vlthln  3-5  minutes  after  applying  the  po¬ 
tential; 

5)'  polarographlc  current, formed  for  a  definite  rate  of  application  of  the 
potential. 

The  **thrQV*  current  correspoada  to  the  saallest  thickness  of  the  diffusion 
layer,  and  has  the  greatest  value.  The  "stable”  current  correspond?  to  the  great¬ 
est  thickness  of  the  diffusion  layer  aiiu  ItaS  the  le*«t  value.  The  polarc.traphic 
current  has  an  average  value  end  its  magnitude  lepends  on  the  raU:  ct  which  tne 
potential  la  applied.  For  purely  analytical  purposes,  tke  polarographlc  current 
la  the  moat  suitable.  The  "throw*  and  •stable”  currents  are  of  theoretical  In¬ 
terest.  In  the  majority  of  the  cases  cited  below  It  vas  the  polarographlc  current 
that  vaa  used. 

Fused  nitrates  were  first  used  as  the  supporting  electrolytes  for  the  polar¬ 
ographlc  determinations.  The  advantage  of  these  as  supporting  electrolytes  is 
comparatively  low  fusion  temperature;  the  eutectic  ternary  melt  KN03-RaN03- 
*L150m  has  a  fusion  temperature  of  about  ItO*.  Its  disadvantage  la  the  ease 
vlth  vnlcb  the  nitrates  decompose  at  high  temperatures.  According  to  their 
behavior  during  polarographlc  determine t ions,  all  cations  can  be  divided  Into  * 
three  groups: 

1)  Iona,  the  nitrates  of  vhlch  are  stable  at  the  temperature  at  which  the 
•nalysla  vaa  carried  out:  Ag"*”,  Cd*'*’,  Pb*^ 

2) ‘  Iona,  the  nitrates  of  which  are  of  lev  stability  at  the  polarographlc 
teapsratuiet  Cu*'*’,  ■1®'*',  Co®'*’  and  Eg®’*’; 

3)  Iona,  the  nitrates  of  vhlch  are  unstable: Bl*"*^,  Ka*'^. 

lOPt  of  the  first  group  give  atable  waves  vhlch  remain  practically  unchanged 
during  poLarographic  analysis.  There  Is  an  essentially  linear  relation  between 
the  ymr9  height  and  the  concentration  for  a  fairly  large  concentration  range. 

The  calibration  curve  for  Is  given  in  Fig.  1.  It  la  of  Interest  to  note 
that  th9  polarographlc  waves  obtained  vhen  various  salts  of  a  portlcular  ion 
are  Introduced  into  the  fused  salts  He  fairly  close  on  one  straight  line.  As 
•a  axsaple, ve  give  a  calibration  curve  for  vhlch  vas  obtained  by  the  use  of 


different  Cd  tolts.  In  additioOf  certain  anlona  can  be  determined  aa  veil  aa 
catlona  vban  KItOs  la  uaed  aa  the  aupportlng  electrolyte.  In  work  carried  out 
la  conjunction  vltb  V. I.Kovalenkc^  the  behavior  of  CraO^  In  fused  KNOs  vaa  ex- 
tBined  In  detail.  Just  aa  for  tte  cations,  there  Is  a  linear  relation  between 
vtve  height  and  the  concentration  of  Cr20^  (Fig.  3).  In  the  course  of  20-30 
Binutea  after  the  addition  of  an  aliquot  of  K2Cr207  to  the  fused  salt,  the  wove 
height  ret&ainn  alraoat  unchanged:  aubsequently  there  la  a  gradual  decrease  aa 
tba  reault  of  a  reduction  process.  Tlie  potentials  at  which  Iona  of  thia  group 
Bre  depoaite'*  arc  given  below. 

0?^ nt  *a  1  r_  o^^  Ion*  ^n-; 

’  "  '  a  ;  i  uppoi  t  j  fi  ^  •  1 

.1*  ity. j  o  w  w’*  V*  of  >uO-  * 


w  -o.r;  v; 

Cr^C^^  »  •  o.iio  V. 


iooa  using  KKOs  as  the  supporting 
electrolyte. 


A./  -0.0;  V; 

.  »  -o,ur  V> 

Determination  of  arbi’-rary  s.ioonts  of 
tlie  ;;lvon  •on'-  ty  •.'•a:*.';  of  tl-c  callbiat ion 
curve r  ;  jv.ii  a'-jo'.c  -vi-  <:D.v.Cwf*ly  satls- 
faccory  rtsul^s  (Tab  ,2  l). 

Ion*  of  re  ‘o:i<i  LtIO-p  i,ive  Ui.stsble 
waves  wiiici*  orauua^iTy  decrease  because  of 
the  decomposition  of  tie  nitrates  according 
to  the  toi.  -w:  ..  k'(NJ3)2  “  i' k*!'  **^2  ♦“  02« 

The  oetal  oxides  thus  formed  are  In¬ 
soluble  In  KHO3  and  KaNO.^.  For  titcse  Ions, 
well  defined  polarographlc  waves,  the  height 
of  which  Is  proportional  to  concentration, 
are  only  obtali'.ed  Immediately  after  the 
addition  of  an  aliquot  of  the  respective 
salt  to  the  melt.  The  stability  of  the 
polarogrophlc  wave  can  be  Increased  by 
caking  the  melts  acid.  If  lQib04  is  added 
to  fused  KW03  at  200-250*,  then  tht:  nitrates 
of  the  ions  belonging  to  this  group  will 
not  decompose  In  this  melt;  the'  melt 
remains  unc'jan^ec  over  a  con- 


Co^^lona. 


ilderable  time, and  the  wave  height  of  the  respective  ions  reus  Ins  conctant. 

When  an  acidic  supporting  electrolyte  of  this  type  Is  used,  a  straight  line 
ralatioQ  between  %sve  height  and  concentration  Is  found  for 
A  calibration  curve  for  Cu^'*'  using  an  ucldlc  nitrate  melt  as  a  supporting  elec¬ 
trolyte  la  ehown  in  Fig.  U  aa  an  example.  Eg^^  ions  belong  to  thli.  class  of 
ions,  which  give  unstable  waves.  In  this  case,  however,  the  instability  of  the 
vave  is  related  to  the  sublimation  of  mercury  salts  at  the  high  temperatures 
used.  The  reduction  potentials  of  the  Iona  of  this  groups  are  as  follows. 


-  0; 

Cu*^  -  0.1  V; 


Hi****  •  -0.65  V; 
Co*^  -  -1.0  V. 


Tbs  cobalt  ion  ia  reduced  at  the  point  where  there  ia  an  Increase  in  the 
currant,  to  which  the  supporting  electroLy't^  Itself  gives  rise,  ,  so  that  the 
Co' waves  can  only  be  located  with  great  difficulty. 

There  la  a  partial  drop  in  wave  height  with  time  for  CraC^*  alaof,  tbia  occurs 
because  of  the  partial  decoopoaition  of  ITSOa  with  time  at  high  teoperetures, 
according  to  the  equation;  21CH0^  •-  2K2K)2  -t-  02* 

The  RQa  ion  that  fortaed  then  reduces  the  Cr^of”  Iona  as  described  beiov^ 
and  the  wave  height  for  CrsOj  drops. 

To  the  tona  of  the  third  proup  belong  those  lonS  the  nitrate  salts  of 


tttliig  lOiOa  eupportliifi  electrolyte.  uelng  KN03  «■  iupportlng  electrolyte. 


lABLE  1 


;  Dcterratra  tlon 

of  Arbitrary  A-io 

urit.s  cf 

Ca  Ito 

1 

1 

• 

j  ErroT  , 

Ai-Wj 

Tnfccn, 

ag 

^  7 

21  i 

51. P  ' 

1 

Found, 

ag 

•  7 

22  ‘ 

55  1 

1 

j 

Cd(HC3)2 

Taken, 

Found, 

□g 

.  U2.5' 
lU  I 

72.5  1 

72.5  • 

91.5  1 
95 

t  98.5 
'  100 

2.6 

Pb(N03)a 

1 

Taken, 

Found, 

Bg 

:  56  1 

:  ^  1 

1*0  53  ; 
U5  56  ' 

72  * 

! 

1  90 

90 

:  2.5 

» 
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1 
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Found, 

Bg 

1  i 

1  : 

03  152  j 
05  130 

290 

500  1 

59^ 

592 

i 

:  b.o 

1 

TABLE  2 

Reduction  Potentials  for  Certain 
Zoos,  Using  Chlorides  as  Support¬ 
ing  Electrolytes 


Ion 

•  Teopersture 
.  CO 

460 

Cu*^ 

445 

Ag*^ 

560 

Hl'^ 

480 

Cd^^ 

700 

Co»^ 

1  *^50 

Reduction 
potential  (V) 

♦0.55 

-0.08 

-0.15 

-0.50 

-0.55 

-0.5U 


Fig.  Callbmtloo 
curve  for 
usir.g  an  acidic 
nitrate  eutectic 
as  supporting  elec¬ 
trolyte  ► 


Fig.  5*  Curx^nt  voltags  curvea  and 
calibration  curve  for  Ag> using  a 
nitrate  eutectic  es  sux^portlng  elec¬ 
trolyte,  pod  e  rotating  electrode;^ 


ehieb  ‘decoopote  eaaily  belov  the  teoperature  at  elilcb  polarographlc  deteralnatjona 
are  carried  out.  These  salt^  on  being  Introduced  into  the  fused  supporting 
electrolyte,  Isaedlately  dscoepose  with  fomatlon  of  the  oxide  the 


art  carrlad  out.  Thsfc  s«ltt|00  b«iog  iotroduced  into  th«  fused  eupportlc^ 
a le c tr 0 lyte f laaed lately  decoapoae  with  foraatlon  of  the  oxide  of  the  rcapcotlYV 
Beta],  azxd  no  polarocraphlc  wave  la  obtained. 

Slallar  reaulta  can  be  obtained  by  ualn^  the  rotating  electrode.  A  current- 
Yolta^  curre  for  Ag  which  was  taken  using  a  rotating  electrode  in  a  supporting  * 
electrolyte  of  a  low  caeltlng  nitrate  eutectic  at  2^0*  Is  glren  la  Fig.  It 
la  clear  froa  these  currea  that  a  straight  line  relation  exists  between  vara 
height  and  concentration.  '  ^  . 

Tha  characteristic  behavior  of  certain  ions  in  a  nitrate  eutectic  Is  worth 
noting.  Despite  the  good  solubility  and  stability  of  xinc  salta^oo  waves  could 
be  obtained  for  tine.  This  is  competed  with  the  ve^  negative  potential  of 
sine  **  below  '1.0  V.  The  tine  wave  coincides  with  the  general  increase  In  the 
•current-voltage  curve  for  the  supporting  electrolyte,  and  therefore  cannot  be 
determined.  No  waves  were  obtained  for  tballlua  either,  because  of  the  In¬ 
solubility  of  TICL  In  fused  NNOs.  Of  special  Interest  Is  the  behavior  of 
potassium  chromate  in  the  supporting  electrolyte.  In  spite  of  the  complete 
solubility  of  this  salt,  no  wave  could  be  found  for  CrC^*  in  the  electrolyte. 

On  lncreaslr.g  the  temperature  to  5^-bvX)*  a  wove  characteristic  of  sexl-valent 
chromium  appears.  On  adding  ammonium  chromate  to  the  supporting  electrolyte  the 
wave  of  sexi-valent  chromium  appears  even  at  2^0-000*.  This  phenomenon  Is 
obviously  connected  with  the  fact  that  potaaalua  chromate  has  a  very  high  fusion 
temperature  *  9T5*),30  that  at  the  usual  tempera turca  for  polarogrophy 

In  fused  aalta  It  dlaeolvea  or.ly  very  slightly  Into  Ions.  ( RH4J2Cr04,  on  the 
other  band, decomposes  even  at  l60*,and  thereby  forms  chromic  anhydride , which 
readily  dlaaolves  in  ICNOs  and  give.*  a  veil  defined  wave. 

It  was  thus  shown  that  polarographlc  determinations  employing  fused  ni¬ 
trates  as  lupportlng  clectrolytea  are  exclusively  related  to  the  stability  of  the 
respective  salts  at  the  temperature  used.  For  the  rest,  from  the  analytical  point 
of  view  there  arc  no  differences  in  principle  between  the  polarography  af  sol¬ 
utions  end  that  of  fused  saljts. 

Fused  chlorides  are  oiore  interesting  than  fused  nitrates  as  supporting 
electrolytes.  However,  they  do  posBeaa  one  disadvantage  -  a  higher  melting 
point.  Even  when  fused  chloride  eutectics  are  employed, the  temperature  baa  to  be 
kept  at  not  leas  than  UOO-^^0*.  Since  the  chlorides  act  as  a  neutral  supporting 
electrolyte  and  are  also  mure  thermally  stable  than  the  nitrates,  practically  all 
the  Iona  mentioned  above  c^n  be  tuccesafully  determined  polarographlcally  by 
means  of  fused  chlorides  as  the  supporting  electrolyte.  The  only  restriction  la 
the  reduction  potential  of  the  Ion  being  determined.  As  indicated  above,  Lons 
with  reduction  potentlala  below  -1  V  cannot  be  polarographlcally  detemlned  In 
fused  salts  because  of  the  general  increase  in  the  voltage -current  curve  for  the 
supporting  electrolyte  Itself,  which  makes  Interpretations  of  the  polarograma 
difficult.  The  reduction  potentlala  .of  some  ions  using  fused  chlorides  sa  sup¬ 
porting  electrolyte  are  given  In  Table  2.  The  polarographlc  waves  obtained  when 
chlorides  are  used  ere  more  stable  than  those  obtained  using  nitrates.  Even  on 
long  standing  the  wave  height,  remains  unchanged.  There  Is  s  straight  line  eo¬ 
lation  between  wave  height  and  concentration  over  a  considerable  concentration 
range.  Determinations  of  arbitrary  amounts  of  soluble  ions  by  aesna  of  these 
straight  lines  give  completely  satisfactory  results. 

Tha  masD  error  for  a  de.termlnatloas  la  •  Copper  and  bismuth  Ions 
give  good  results  during  quantitative  determlnationa.  Copper  salts  sra  quite 
wolstllo  when  chlorides  are  used  as  supporting  electrolyte, at  ^  result  of  which 
the  copper  wave  decreases  fairly  rapidly  with  time.  Bismuth  chloride  contains 
a  considerable  amount  of  oxychloride, which  is  insoluble  In  the  fused  chlorides. 

Fused  silicates  were  also  triad  as  supporting  electro Lytes.  The  character¬ 
istic  featureaof  thla  work  on  fused  silicates  were  their  high  mslting  points  and 


TABUS  ^ 

Deteraloatlon*  of  iirbitrtr/ Accounts  of  N1  «nd  Co  Cbiorldet 
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r  Taken, mg 
Found,  mg 
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90 
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: 
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♦ 

- 1 
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1 

1 

OoCla 

j  Taxet^  ag 

1  Found,  mg 

69 

73 
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1  52 

106 

lOU 

136 

156 

!  157 

thfllr  corrotlveoost.  The  dipping;  electrode  vas  used  only  vith  difficulty,  because 
the  porcelain  and  quarts  tubes  used  for  leading  in  the  gas  vere  very  rapidly 
corroded  by  the  celts, so  that  the  polarographlc  relations  vere, distorted.  The 
micro  electrode  is  the  most  convenient  for  working  with  fused  silicates.  As  a 
result  of  the  high  electrical  conductivity  of  the  silicates  themselves  and  of 
the  insulation,  large  condenser  currents  appear  on  the  polarograms  and  cannot 
be  completely  suppressed.  The  polarograms  have  a  "creeping"  character,  and  de>  • 
termination  of  the  polarographlc  wave  is  very  difficult.  Despite  this,  a  linear 
relation  can  be  obtained  between  wove  height  and  concentration  for  a  nunber  of 
ions.  As  an  example  the  straight  line  obtained  for  fused  copper  oxide  using  a 
silicate  melt  as  supporting  electrolyte  Is  given  in  Fig.  6. 

As  a  result  of  the  work  carried  out  on  the 
polarography  of  fused  salts  it  can  be  seen  that 
t^  polarographlc  determination  of  ions  in  sol¬ 
ution  In  the  fused  salts  is  possible  over  the 
temperature  range  l60-l000*.  The  stability  of 
the  polarographlc  waves  of  the  ions  depends  ex- 
clualvely  on  the  behavior  of  the  test  salt  at 
the  experimental  temperat’ure .  Stable  salts 
give  well  defined,  stable,  and  easily  reproduc¬ 
ible  waves.  Volatile  salts  or  ions  giving 
unstable  compounds  with  the  supporting  electrc- 
lyte  give  unstable  waves  which  rapidly  decreare 
with  time.  The  chemical  Interaction  between 
the  supporting  electrolyte  and  the  ion  to  be 
determined, leading  to  the  formation  of  pro¬ 
ducts  which  are  insoluble  in  the  melt,  can  be 
pre'vented  by  making  the  melt  acid.  The  order 
in  which  the  Ions  are  reduced  remains  basically 
the  same  as  for  solutions.  For  all  the  ions 
end  for  all  the  supporting  electrolytes  tested, 
a  straight  line  relation  was  found  to  bold  be¬ 
tween  the  wave  height  and  the  concentration. 

.  Id  addition  to  the  polarographlc  determinations  of  ions,  amperoaetric 
titration  can  alto  he  applied  for  their  deteraloation  in  melts.  Aaperooetric 
titration  of  ions  In  belts  Is  carried  out  by  the  addition  of  micro  amounts  of 
the  reagent  which  react#  vith  the  ions  to  be  determined,  rrecipltation,  ox¬ 
idation-reduction,  and  neutraliaatlon  reactions, respectively, can  be  used  for 
aaperGoetrie  titrations  Just  as  in  solution. 

fix  cipltatlon  reactions  can  be  employed  both  for  the  determination  of 
eatlona  and  anions.  The  alkali  hydroxides  can  be  used  at  universal  reagents 
for  tbo  amperoeatrlc  titrations  of  cations , using  nitrates  or  chlorides  as  sup¬ 
porting  electrolytes.  On  addition  of  RaOH  or  KOH  to  a  melt  containing  aoos 
particular  cation, the  following  reaction  occurs** 


Fig.  6.  Calibration  curve 
for  copper,  using  a  silicate 
eutectic  as  supporting  elec¬ 
trolyte. 


Ne(V0a)«  ♦  eiCOH  «  McO  ♦  2003  ♦  BaO  * 


The  Belli  oxldet  thus  formed  are  Insoluble  In  the  fused  chlorides  or  nl- 
triteS|ind  the  wive  height  of  the  cation  being  determined  falls.  Tltrstloncin 
be  carried  out  elthier'-  by  taking  polarognma  or  by  following  the  change  in  the 
diffusion  current  at  constant  potential.  In  the  first  case  ve  get  a  atnight- 
•ned  port  for  the  equivalence  point,  while  In  the  second  case  we  get  an  ascending 
straight  line.  In  both  caaes  deterainotlon  of  the  equivalence  point  la  not  dif¬ 
ficult.  This  aetbod  of  titration  can  be  employed  for  investigating  the  Cr207* 
ion  by  Bieans  of  Ba^'^.  The  BaCr04  formed  is  Insoluble  in  the  fused  nitrate, and 
the  CrgO^ wave  gradually  falls.  Results  of  tltratidn  by  the  precipitallor. 
•■ethod  are  completely  sat luactory. 


As  an  example  of  amperometrlc  titration  in  which  an  oxidation-reduction 
reaction  occurlng  in  the  melt  is  used  as  a  basis,  ve  adduce  the  titration  of 
Cr207*  with  micro  amounts  of  RaNOz,  using  KNO3  as  aupp'trtlQg  electrolyte. 

During  titration  the  following  reaction  takes  place*. 

i;2Cr2C>7  ♦  6RaN02  -  ?KCr02  ♦  6NO2  ♦  3Na20, 

aa  a  result  of  which  the  Cr20?”  wave  falls  (Fig.  7)*  Determination  of  the  equiv¬ 
alence  point  is  not  difficult.  Titrations  of  arbitrary  amounts  of  the  ion  to  be 
determined, either  by  a  precipitation  reaction  or  by  an  oxidation-reduction  re¬ 
action, give  good  results, a 8  shown  in  Table  U. 

TABLE  U 


Determination  of  Arbitrary  Amounts  of  Various  Salts  by  Amperometrlc  Titration 


Salts 


AgNo3 

CdCl2 


Pb(R03)2 

NlCla 


I  Supporting  electrolyte'  Result  of  titration 


KNOa 

|Taken,mg  j 
Found ^ mg  1 

1  53 

74 

75 

123 

'  52 

•  7^ 

72 

125 

KNOs 

Taken^mg  ! 
Found,  mg 

to  107 
Ul  .  109 

113 

116 

KNO3 

i  Taken,  mg 

36  , 

:  ko 

72 

90 

' Found^  mg 

1  3B 

'  43 

75 

! 

1 

90 

KCl  ♦  LiCl 

• 

(Takers  mg  ! 

!  63  i  152 

190 

(Found^  mg  ! 

J  65 

1 156 
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lUU 

1^5 


105 

lOk 


Fig.  7  •  Current-voltage  curves  for 
the  titration  of  CraO^*  with  micro- 
quantities  of  KliOa. 


Fig. ^  Current -voltage  curves  for  the 
tltraclon  of  OH*  with  alcro-quantltles 
of  KEEO4 . 
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Asporoaclrlc  titration  can  alao  be  carried  out  on  the  basla  of  no Jtralltat ion 
raactlooa.  On  adding  alkali  to  a  neutral  melt  of  KKOa  or  KCl^a  wave  given  by 
.  tho  hydroxyl  Iona  la  obtalned,vhlch  la  located  at  poaltlve  potentials.  On 
adding  micro  amounts  of  KHSO4  to  such  a  fused  mixture,  the  OH*  vave  gradually 
decreases.  The  amperosetrlc  curve  for  such  a  titration  Is  given  in  Fig.  6. 

Do term lea t ion  of  the  equivalence  point  Is  not  difficult.  It  should  be  noted, 
bovovar,tbmt  the  concept  of  the  precipitant  for  ions  in  solution  is  not  the 
tame  at  the  concept  of.  a  precipitant  for  melts.  THus,‘  in  fused  IQIO3,  tte  Ag^ 
‘Ion  cannot  be  titrated  vlth  KCl,  since  the  AgCl  dissolves  readily  in  fused 
CBO3.  and  no  decrease  In  the  vave  height  occurs^  In  exactly  the  same  vay  tiar 
CrgOt*  vave  la  not  depressed  on  addition  of  Pbf  to  the  melt.  In  fused  sili¬ 
cates,  amperooetrlc  titrations  of  cations  vith  the  universal  reagent*  KOIi  can¬ 
not  ba  carried  out  because  the  metal  oxides  so  formed  dissolve  readily  in  the 
fused  silicates, and  free  metal  Ions  vhich  are  reduced  on  the  solid  electrode 
remain  In  the  fused  silicates. 

*  The  polarographlc  method  of  analyzing  fused  salts  has  great  possibilities. 
By  Bear.a  of  this  method  It  Is  possible  to  follov  changes  In  ionic  concentrations 
aolch  occur  in  the  fused  state.  It  can  also  be  used  for  solving  a  nu-aber  of 
phyaico-cbcalcal  problems  relating  to  processes  occuring  in  melts,  the  study 

of  equilibrium  betveen  metal  and  melt,  etc..  Of  particular  interest  is  the 
application  of  this  method  for  investigating  fused  r  ilicatea,  vhose  natiu'c  is  of 
interest  to  metallurgists  and  geologists. 

SUMMARY 

1.  The  polarographlc  method  of  analysis  using  solid  electrodes  is  a  very 
proolslng  method  for  the  study  of  fused  salts. 

2.  The  poaslhllity  of  determining  a  particular  ion  in  a  melt  is  cetrrained 
fundamentally  by  the  stability  of  the  salt  of  the  ion  being  determineo  polaro- 
graphically  at  the  experinental  temperature. 

3.  The  stability  of  a  melt  can  be  Increased  by  making  it  acid  by  addition 
Of  tEB04.  • 

Essentially  linear  relations  vere  found  betveen  the  vave  height  and 
concentration  for  the  majority  of  ions  studied. 

5-  Determinations  of  arbitrary  emoonts  of  various  ions  gave  completely 
satisfactory  results  -  the  experimental  error  being  3-^^. 

•  6.  The  concentrationa  of  ions  in  celts  can  be  determined  by  amperooetrlc 
titration  using  precipitation,  oxidation-reduction,  and  neutralization  methods. 
Dataraiiiationa  of  arbitrary  amounts  give  results  vlth  errors  of  3*^5^* 

7*  The  nitrates,  chlorides,  or  silicates  of  the  alkali  metals  can  be  used 
'  as  aupportlng  electrolytea  for  polarographlc  determinations. 
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PHTBICO-CHEHICAL  KETH0D6  OF  ESTIMATIMO  XHTIBIOTICS 


A  COLOBUCETRIC  KETHOD  FOR  THE  QUANTITATIVE  EETERHIRATION  OF  BTRKPPQKYCIN 

I.M.Siibl^.ikayn  and  V.D.Kartaeva 

All*Ualoa  Scientific  Research  Institute  for  Fsnlclllln  and  other 

Antibiotics 

The  majority  of  chemical  methods  for  the  determination  of  streptomycin  are 
baaed  on  characteristic  reactions  o^  *he  various  functional  groups  In  Its  molecule. 

Thus f reactions  of  the  carbonyl  group  of  the  streptomycin  molecule  are  used 
as  veil  as  those  of  the  guanldl:-*  group  of  the  atreptlde  part,  and  of  the  maltol 
formed  from  the  atreptose  part  oj  alkaline  hydrolysis  [l]. 

In  vlev  of  the  fact  that  preparations  of  streptomycin  In  a  number  of  cases 
contain  biologically  Inactive  prodiicts  of  Its  decomposition  which  contain  Just 
these  functional  groups, and  also  a  nuxeer  of  other  contaminants  vlth  similar 
groups,  the  specificity  of  any  analytical  method  which  makes  po^s'lhle  the  de¬ 
termination  of  streptomycin  alone  In  ihe  presence  of  its  decomposition  products’ 
becocaea  of  primary  Importance. 

The  simultaneous  presence  of  Tiianidine  nod  carbonyl  groups  in  substances  of 
biological  origin  is  fairly  rare,  and  L*u'  co-existence  of  these  groups  In  the 
streprtomycln  molecule  can  therefore  be  used  for  analytical  purposes.  E.g.,  la 
the  ecrldylhydrazlne  method  of  dtterralnlng  streptomycin, the  specific  properties 
of  fluorescent  streptomycin  aorldylhyirazine  are  used  for  Its  Isolation  from 
other  hydrazones  [2]. 

Ve  have  worked  out  a  colorimetric  method  for  the  determination  of  strepto¬ 
mycin,  based  on  the  specific  proper^lt-s  of  tlic  colored  substituted  hydrazone  of 
streptomycin.  As  reagent  we  employed  2,U-dlnltrophenylhydrazlne,  which  is  very 
widely  used  as  a  reagent  in  organic  chemistry. 

It  ahould  !>e  noted  that  the  given  method.  Just  like  those  oentlooed  above, 
la  a  method  which  determines  total  streptomycin  and  manaozide  streptomycin  - 
a  substance  which  usually  accompanies  streptomycin, and  which  differs  fren  strep¬ 
tomycin  only  In  Jhe  preaence  of  the  jJ-maonose  residue  In  the  Il-oethyl-^-glycosamlne 
part  of  the  molecule.  For  the  sake  of  brevity,  we  shall  not  stipulate  again  that 
in  the  preaence  of  mannotlde-etreptomycin,  both  components  must  be  determined. 

Dating  the  reaction  between  streptomycin  and  2,4-dinltrophenylhy4ra tine  In 
acid  media,  the  2,4-dlnltropheQylhytirazone  of  streptomycin  la  formed. 

Excess  of  the  colored  reagent  Is  extracted  with  butyl  acetate.  The  strepto¬ 
mycin  hydrazone  remaining  In  the  aqueous  phase  la  colored  yellow  In  acid  solution, 
a^  the  optical  density  n  in  the  absorption  band  of  the  solution  at  A  «  4^00  A 
la  a  function  of  the  streptomycin  conceutratlon. 

Oaiog  highly  purified  streptomycin,!  calibration  curve  p,  c  waa  constructed, 
and  the  concentration  of  test  solutions  determined  by  means  of  It.  By  making 
up  synthetic  mixtures  of  highly  purified  streptomycin  and  glucosamine,  and  of 
atreptomycln  and  various  sugars, ve  showed  that  sugar  and  amino  sugars  do  not 
latarfara  vlth  the  determination  of  streptomycin. 

Tha  advantags  of  toe  dlnltropheaylhydratbne  method  la  Ita  high  specificity. 


which  toables  it  to  be  used  not  only  for  marKeted  streptomycin  preparstlonp, b\it 
•Iso  for  the  seal-products  of  production  right  up  to  the  liquid  culture  stage. 

EXFERIKEmL 


Two  variants  of  the  method  are  proposed. 

First  Variant.  10  ml  of  the  solution  containing  streptocoycln^  In  concen¬ 
trations  of  froa  20-120 •tg/al  is  Introduced  into  a  1^-20  ml  teat  tube  fltteo  vlth 
•  ground  glass  stopper,  and  0.3  ml  of  2,4-dlnltrophenylhydrQzliv*  reagent  addec*. 
This  reagent  is  prepared  as  follovs:  to  0.2  g  of  2,U-dlaltropy.c*ny i;;ycrb? Ir.w  - 
"State  Cheaical  Reagent  Purity”  -  are  added  1  ml  of  concentrated  sulfuric  acid, 
1*3  al  water, and  3  al  of  rectified  alcohol,^nd  the  solution  thus  obtained  fil¬ 
tered  If  it  la  turbid.  Fresh  solution  Is  prepared  daily. 


The  ground  glass  stopper  Is  Incerted  In  the  test  tub»j,  which  Is  stood  for 
2*3  minutes  in  a  boiling  water  bath;  It  Is  then  removed  and  coded  with  water. 

The  aolutlon  is  then  extracted  four  times  vlth  approximately  lO-ml  portions  of 
butyl  acetate.  The  butyl  acetate  Is  used  several  times;  It  is  purified  by  normal 
distillation.  After  the  fourth  extract  ion  of  the  water  pha.^e,  which  is  colored 
yellow  If  streptomycin  hydro zone  is  present,  it  is  allowed  to  stand^  and  the  vol¬ 
ume  of  Che  solution  necessary  to  fill  a  10  mm  longoell  taken  out  with  a  plpet. 

The  optical  density  for  the  absorption  band  of  the  given  solution  *  ■  UJOO  A  is 
then  measured  on  a  differential  photoeiectrft  colorimeter. 


Fig.l.  Relation  between  optical 
density  p  and  the  length  of  time 
for  which  the  solutions  of  strep-  Fig.  2.  Calibration  curve  characterizing  the 

tomycln  and  dlnltrophenylhydrazlne  relation  between  the  optical  density  P  of 
•re  boiled.  streptomycin  hydra  zone  solutlcr.  and  the 

original  concentration  £  of  the  streptomy- 

Vhen  the  dlnltrophenyl- 
hydrazine  method  was  cerried  out 

uting  water  instead  of  the  origlr^al  streptomycin  solution, the  optical  density 
of  the  aqueous  phase  after  exlractlon  with  butyl  acetate  proved  to  be  zero.  Ue 
therefore  used  water  as  a  coaperlsoo  solution. 


Ve  studied  the  relation  between  the  time  of  testing  of  the  solution  of 
streptomycin  end  dinltropbenylhydrazine  on  the  optical  density  of  the  solution 
of  streptomycin  hjdrszone  (for  >  •  k}00  A). 

From  Fig. 1. it  is  clesr  that  the  maximum  optical  density  is  obtained  for  the 
hydrstone  solution  for  •  besting  time  of  2-3  minuter,  ve  therefore  chose  •  heat¬ 
ing  time  of  2.3  minutes. 
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The  callbrttldo  curve  chorecterixlng  the  relation  betvcen  optical  denxlty 
P  Biul  the  fitrepto(i.ycla  concentration  ^  vas  constructed,  ualng  the  highly  purified 
crystalline  double  salt  of  fttreptoaycln  hydrochloride  and  calcioa  chloride, with 
a  known  weight  of  strvptoaycin  as  the  bace. 

Second  Variant.  Streptomycin  d ini tropbenylhydra tone  can  be  fonced  at 
room  temperatures  and  not  Just  by  boiling;  at  room  tempe rat ure»  however, the  re¬ 
action  la  considerably  alover.  Ve  determined  the  relation  between  optical 
density  of  aqueous  solutiona  of  streptomycin  hydrazone  and  the  time  of  stand¬ 
ing  of  the  solution  of  streptomycin  plus  dinitropheaylbydrazice  at  room  temper¬ 
ature  (rig.  ^). 

It  ia  clear  from  Fig.  3  that  after  two  hcure  the  optical  denai  Ly  remains 
practically  constant. 

On  this  basis  the  procecure  adopted 
for  the  determination  of  streptomycin  at 
room  temperatures  Is  as  follows;  10  ml 
of  the  original  streptomi'cln  solution  If 
transferred  to  a  50-100  ml  scparatlnr 
f'umel,and  0.5  ml  of  the  2,U-(ilnltrophenyl- 
hydrf.zine  reagent  added.  The  solution*) 
are  well  mixed  and  allowed  to  stand  for  2 
hours  at  room  temperature.  The  solution 
1b  then  extracted  four  *tlineB  with  butyl 
acetate, as  for  Variant  i  a  calibration 
ciirve  Is  constructea  In  rne  same  way  for 
this  variant. 

The  minimum  coccentratlon  of  strepto¬ 
mycin  which  can  be  detei-alned  f for  both 
variants)  using  a  10  mm  cell  amounts  to 
15-20  ug/ml.  The  concentration  can  be 
lowered  coasldersbly  by  lncreaslr.g  the 
cell  length.  Vhen  b  cell  40  mm  long 
was  used, It  was  possible  to  determine  a 
streptomycin  concentration  of 

Both  variants  have  a  high  reproducibility.  T!je  deviation  between  Individual 
determine  Mona  does  .-.o^  e<cc'‘ *;  2%.  terminations  of  streptomycin  in  the  aaokc 
sample  using  the  two  variants  give  the  same  rcaulta. 

When  streptomycin  was  deteimined  in  purified  samples  by  the  dlnitropbcnyl- 
hydrezone  and  maltol  methods, coincident  results  were  obtained.  The  advantage 
of  tlve  dlnltrophenylhydrazone  method  uc  compared  with  the  maltol  method  Is  Its 
higher  sensitivity  (approvliiately  ^-5  times). 

We  carried  out  determinations  of  the  streptomycin  content  of  samples  of 
varying  degrees  of  purity.  When  the  streptomycin  was  determined  In  the  liquid 
culture,  protein  vsa  first  of  all  precipitated  and  the  culture  clarified. 

In  order  to  remove  proteins, we  used  a  15$  solution  of  trichloracetic  acid, 
ao  amount  of  acid  belr.g  added  such  that  its  concentration  In  the  liquid  culture 
waa  finally  The  precipitated  protein  «8  removed  by  centrifuging,  while  the 

axceas  trichloracetic  acid  was  extracted  with  benzyl  alcohol  1 5 j • 

The  culture  liquid  wasclarif^^d  by  shaking  it  with  0.5$  actl*/ated  charcoal 
(calculated  oo  the  volusie  of  the  liquid)  In  a  strongly  acid  medium  ^pH  1.5-^). 

Ve  established  that  at  such  e  pH  no  Inactivation  of  the  streptomycin 
occurz^d  in  the  course  of  1-2  hours. 

Under  these  conditions  streptosgrclo  la 'not  adsorbed  by  the  charcoal  and 
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Fig.  5.  Effect  of  time  of  standing 
of  solutions  of  streptomycin  plus 
dlnltrophenylhydrezlne  op  the  op¬ 
tical  density  of  streptomycin  - 
hydrazone’  solutions. 
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reaalm  coapIet«ly  in  •olutlon.  Btreptooycio  can  then  b«  d«*.erttlMd  in  t'.e  pari- 
tied  liquid  culture  by  the  usual  dioitrophenyltyArazinc  taethod. 

In  the  absence  of,  or  for  lov  contents  of  aannozoetreptoaycin  as  deten«ln»*i 
by  the  enthrone  method  [U],  the  streptomycin  content  of  a  sample  coinclies  vlth 
the  microbiological  action  of  the  preparation  (Vide  Table). 


Coaparisoo  of  StraptoBsycln  Content  as  Determined  by  the  Uni trophenylhydra tine 
ttbthod  and  f^om  Xta  Microbiological  Activity 
(atreptomycin  content  assumed  to  be  lOO^) 


Microb io 1 oglca 1 

Deviation  be i veer 

lo. 

Preparation 

activity. 

chemical  and  micro- 

in 

t 

biological  methods, 

.  la  1 

1 

Marketed  product 

106 

1  *6 

2 

Marketed  product 

1  105 

i 

'5 

Marketed  product 

1  101 

! 

L 

Concentrate 

!  99 

!  -1 

5 

Concentrate 

99  1 

-1 

6 

Sluate 

87  i 

-13 

7 

Eluate 

‘  ^  1 

-8 

8 

Liquid  Culture 

100 

-0 

SUMMARY 


A  colorimetric  method  has  been  developed  for  the  detenlnaticn  jf  streptomy¬ 
cin  (tvo  variants)  vhich  has  high  specificity  end  sensitivity.  By  means  of  tx.ls 
method  It  Ip  possible  to  determine  streptomycin  both  In  marketed  streptomycin 
and  in  the  seal -products  of  production  right  up  to  the  liquid  culture  stage. 
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THE  SECOWn^^W  ADSORPTION  OP  IONS  ON  ALUMINUM  OXIDE  ALUMIKATE 


C.M.Shuvaeva  and  E.N.Gapon^ 


Tte  K.A.Tiffliryatev  Moscov  Agricultural  Acadenjr 


The  formation  of  chroma tograaa  of  Iona  on  aluffllnua  oxide  can  be  brought 
about  by  the  following  processea: 

1)  by  adaorptlon  of  the  potential- determining  Iona; 

2)  by  molecular  adaorptlon  of  the  elctrolyte; 

3)  by  exchange  adaorptlon  of  the  iona;^  and 

by  the  precipitation  of  a  difficultly  aoluole  precipitate. 

Ion-chromatograms  on  aluminum  oxide  alumina tea  [l]  belong  predominantly  to 
the  exchange  type  of  chromatograms  [2].  The  formation  of  cation  chroma tograma 
on  cation  exchange  aluminum  oxide  occurs  ea  a  consequence  of  the  exchange  of  the 
cations  of  a  solution  for  sodium  Iona  [5]: 

(AlsOa)^  AIO2*  Na^  MZZr(Al203)n  A102"  M**"  NaZ  . 

During  the  adsorption  of  cations  on  chroma togra phi cally  active  aluminum 
oxide.  Schwab  and  coworkers  discovered  the  phenomenon  of  Joint  adaorptlon  of 
anions  with  multivalent  cations.  This  phenomenon  was  not  explained  by  the  ef.thorai 
neither  vas  the  absence  of  anion  adsorption  in  the  case  of  univalent  cations 
taken  into  account. 

If  this  fact  la  taken  Into  eccoun'’., the  Joint  adsorption  of  enlona  and  mul¬ 
tivalent  cations  [3]  can  be  explained  as  follows;  part  of  the  cations  M^”*"  la 
exchanged  with  the  sodium  Iona  of  the  aluminum  oxide  aluminatc,  according  to  the 
scheme: 

AIO2*  !  Ra*^  AIO2*: 

(Al«03)ni  ♦  MZ2:;;:r(Ala03)m  ‘M**^  ♦  2NaZ  , 

AIO2*  ,  Na'*'  •  AIO2’  . 

while  part  of  the  cations  will  supercharge  the  aluminum  oxide: 

AIQ2" :  Ra*^  MZ2  AIO2"  I  Z* 

(AIsOs)^  ♦  (AlgOa)!!!  ♦  2NaZ  . 

A102*,  Ra***  AIO2"  M**^:  Z“ 

On  the  AIO2*  M^'*^  tT  parts,  exchange  of  anions  occurs,  while  the  Joint  adaorptlon 
of  anions  proceeds  In  parallel  with  their  absorbability  on  the  anion  exchange 
aluminum  oxide. 

During  the  study  of  the  chromatographic  separation  of  anions  on  anion  ex¬ 
change  aluminum  oxide  alualnate^ve  discovered  the  phenomenon  of  the  Joint  ad¬ 
sorption  of  cations  with  multivalent  aolona.  No  secondary  adsorption  of  cations 
vaa  observed  in  the  chromatography  of  univalent  anions. 

ij  Deceased. 
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By  analogy  vlth  chroniatoiKraphy  on  th<»  cation  exchange  alMmtr.aa;  oxlao.lhtf 
Joint  adaorption  of  cations  Kr  vlth  multivalent  anions  on  the  anion  exchange 
alunlnua  oxide  proceeds  as  follows: 


AlO^  j  NOa*  ZMa  AlO^  Z**  ! 

(AlsOa)^  ♦  ^ _ (AlaOs)^  ♦  2KNOa, 

AlO^  ;  KOa*  ZM*  AlO^  Z**  K* 

part  of  the  anions  is  exchanged  for  the  IfOa*  group  as  usual: 


(AlaOa)i 


AlO^ 


AlO** 


ROa 

HOa* 


AlO^  • 

♦  ZMa^(Al20a)n  Z*" 

AlO*^  • 


♦  2MR03 


Consequently, the  formation  of  secondary  exchar«ge  chromatograms  on  anion  ex* 
change  alualnua  oxide  la  possible. 


A  Description  Of  Secondary  Cation  Exchan^  Chromatograps 

Chromatographic  tubes  of  internal  diameter  0. 6*1.0  cm  were  used  for  the 
work.  Aluminum  oxide  a laminate  was  introduced  into  the  tube  in  the  fora  of  a 
auspension  in  1  N  EKOa,  the  column  being  subsequently  vashed  with  water  and  a 
solution  of  a  mixture  of  1  N  salts  of  various  elements. 


1.  CUSO4  ♦  Cu(N03)2 

The  column  is  colored  blue  by  the  copper  ions.  On  washing  with  water  tl.e 
lover  part  of  the  blue  rone  becomes  white.  After  development  with  an  anmonlam 
sulfide  solution  the  black  color  of  the  cupric  sulfide  only  appears  in  tl^  upper 
part  of  the  column  at  the  point  where  the  blue  zone  was  not  washed  with  water. 

In  accordance  with  tl*e  adsorption  serlea  of  the  anions  on  the  anlj.-k  exchange 
aluminum  oxide  (l],the  SO4*  anions  are  found  higher  ’ than  the  NO-f  Icul*  ^r._the  col 
umns.  As  a  result  the  copper  ions  ere  adsorbed  onl}  py  the  bivalent  SOl”  Ion  on 
the  anion  exchange  alumlnvmi  oxide;  they  are  not  adsorbed  in  th.e  zone  of  the  uni* 
valent  anions  of  NO^f  • 

2.  NiSO^'^  CoCNO.t)? 

Initially  a  rose  color  appears  which, in  accordance  with  the  extent  of  wash* 
Ing  with  vatex;  disappears.  On  developing  with  ammonium  sulfide,  a  black  zone 
of  cobalt  sulfide  only  appears  in  the  upper  pert  of  the  column, which  Indicates 
that  the  cobalt  Ions  are  only  adsorbed  by  SO4  ions. 


3.  NISQ4  ♦  NiCl2 

Initially  the  column  la  colored  green  by  nickel  lonsi  subsequently,  on 
washing  with  water,  the  column  becomes  white.  Development  vlth  ammonium  sulfide 
above  up  a  black  zone  of  nickel  sulfide  in  the  upper  part  of  the  column. 

U.  U0g(N03)2  ♦  IC2SO4 

The  colimin  la  colored  yellow  by  uranyL  iona.  After  washing  with  water  the 
yellow  color  diaap^ara,  but  on  development  with  potassium  ferrocyanioe  a  red 
color  of  uranyl  ferrocyanide  appears. 


Cra (504)3  »  U02(N03)2  ♦  ra804 

^2804  la  added  in  order  to  iacreaae  the  concentration  of  the  aulfate  ions 
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in  the  solution.  At  the  top  of  the  colann  the  grey*grcer.  color  of  chroolua  lous 
•ppesrs,  vhlle  bclov  the  yellow  color  of  tlic  uranyl  Ions  develop*.  On  washing 
with  water  the  (p*ay-green  CQlor  reaalns,  while  tl-c  yellow  direp^cars,  but  on 
development  with  pi^tasslua  ftrrocyanlde  a  red  tone  of  uranyl  ferrocynnlde  can 
be  detected  In  ti^  lower  part. 

6.  U02(R03)2  ♦  1^2504  ♦  Cua\^4 

On  the  top  a  yel^*^w  zone  of  uranyl  Ions  la  obtained, vhlle  belo*^  the  blue  zone 
copper  appears.  On  washing  with  water  the  yellow  color  disappears  while  the 
blue  remains, though  It  gets  paler.  Development  with  ammonlua  sulfide  gives  in 
the  upper  part  a  brown  zone  of  uranyl  sulfide,  vhlle  the  bottom  part  becomes 
black  with  cupric  sulfide. 

0r2(S04)3  ^  CUSO4  • 

The  upper  part  acquires  the  grey-green  color  of  the  chromium  ions,  the 
■iddle  Is  a  mixed  zone, end  the  lover  zone  Is  blue  ee  a  result  of  adsorption  of 
the  copper  Ions.  Separation  of  the  cations  Is  Incomplete,  but  and  Cu*'*’ 

form  a  partially  mixed  zone  on  the  cation  exchange  column  of  alumina-  oxide. 

\ 

8.  CUSO4  >  C0SO4  . 

Two  zones  are  formed;  a  blue  copper  zone  on  top  and  a  rose  cobalt  zone 
be  low . 

9.  CUSO4  >  NISO4  . 

On  top  the  blue  copper  zone  develops^  and  below  the  green  zone  of  nickel. 

On  washing  with  water  both  zones  becocne  paler,  particularly  the  nickel  zone. 
Development  with  'dlmethylglyoxlne  gives  a  red  color  In  the  nickel  zone. 

10.  C0SO4  ♦  NiS04  . 

One  mixed  zone  is  formed;  and  Nl^^  also  form  a  mixed  zone  on  cation 
exchange  aluminum  oxide. 

These  experiments  show  that  the  fonaatlon  of  secondary  cation  exchange 
chromatograms  on  anion  exchange  alumlnan  oxide  proceeds  in  parallel  with  their 
adsorbablllty  on  the  cation  exchange  aluminum  oxide,  in  the  order 

Cr^^>  U0i^>Cu^^>  Co^^, 

(thv  Ions  separated  by  the  comma  form  a  mixed  zone) 

In  conclusion,  we  not-e  that  when  carrying  out  chromatographic  adsorption 
of  solutions  of  electrolytes  It  is  essential  to  bear  in  mind  the  fact  that 
secondary  adsorption  of  two  oppositely  charged  ions  occurs  If  the  adsorbed  Ions 
are  multivalent. 
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A  VOLUMETRIC  METHOD  FOR  THE  DETERMUtATION  OP  POTASSIUM 


A.F.Ievlnsh  aod  Ya.K.Otol 


Znatltute  of  Cbemlitry  of  the  Academy  of  Sciences  of  the  Latvian  SSR 

I* 

In  most  cates  potattlum  has  to  be  detenained  in  the  presence  of  sodium, and 
soaetiaes  in  the  presence  of  lithium  and  magnesium  as  veil. 

There  are  tvo  basic  methods  for  the  determination  of  potassium  in  presence  of 
sodium,  viz.,  the  chloroplatinate  and  the  perchlorate  methods.  Both  methods  re¬ 
quire  a  comparatively  long  time  and  require  reagents  which  ere  not  always  readfly 
available,  or  are  expensive.  Hitherto, no  other  accurate  methods  for  the  deter- 
minatio..  of  potassium  in  the  presence  of  sodium  have  been  available. 

Many  variants  of  the  method  for  the  determination  of  potasslon  as  the  cobaltl- 
nltrlte  have  bein  suggested.  The  chief  defect  of  this  method  is  tiat  the  pit- 
clpltate  of  polasslum  cobaltiuitr Ite,  to  which  the  formula  K4?ia[Co(N'?2)al  *^40  is 
ascrlbedjdoes  -.lot  always  have  this  composition  [2|. 

The  alji  of  the  present  work  was  the  deve!:;inent  of  a  simple  and  rapid  vol¬ 
umetric  method  for  the  determination  of  potassium.  In  which  It  is  given  a  pre¬ 
liminary  precipitation  as  potass iun  bltarlrat«.  The  bltartrate  nethoa  is  krv.rwn 
in  many  variants  but  most  research  workers  consider  It  to  be  Insufficiently 
accurate.  Ac  ar  as  accuracy  is  concerned  It  seens  to  us  tt*at  Daubner’s  caethod 
[5I  Is  the  most  suitable.  la  this  method  po^-assluic  precipitated  by  a  reagent 
containing  20  g  of  tartaric  acid  and  5  g  sodium  acetate  In  1  liter  of  5''^  sq  j^'oua 
alcohol. 

On  precipitation  of  the  potasslua  bltartrate,  the  freed  mineral  acid  which 
is  formed  In  solution  colors  methyl  orange  a  red  color;  KCl  R2C4R40o.'*’KHC4E40/«  ♦ 

♦  HCl.  According  to  Daubner'  s  procedure  the  reagent  is  added  until  thr'  color 
chAnges  from  orange  to  j'ellov.  EL'cess  of  reagent  should  not  be  used, as  It  Iceas 
to  high  results. 

On  using  the  method  as  such,  it  proved  to  be  extremely  difficult  to  determine 
the  necessary  amount  of  reagent, since  the  change  In  color  of  the  Indicator  for 
a  giver,  reagent  composition  is  practically  unobservable. 

The  change  In  color  of  the  indicator  can  be  made  more  c.tar  cut  If  the  ratio 
of  tartaric  acid  to  scdlun  acetate  in  the  reagent  be  changed,  the  amount  cf  the 
aodium  acetate  being  Increased.  A  reagent  of  such  a  compos  It  ipn,  however,  on 
standing  deposits  aodium  bltartrate  crystals  in  the  form  of  lor^g  needles. 

Another  defect  of  this  method  is  that  sodioa  is  introduced  into  the  mixture 
being  analysed,  in  the  reagent.  This  ic  of  importance  In  those  cases  where  the 
potassium  content  of  a  test  sample  is  high  and  the  determinatio.o  of  sodlui  toy 
the  uranyl  acetate  method  is  only  possible  after  removal  of  the  potass ium  [U]. 

Ve  have  shown  that  potaasiua  can  be  prv'cipitated  by  aniline  or  pyridine 
tartrate  so  that  no  aodium  need  be  added.  The  amount  of  reagent  necessary  to 
precipitate  the  potassium  is  determlfied  bj  the  change  in  colot^  of  methyl  orange 
from  red  to  yellow.  Sodlvxa,  lithium  and  magnesium  in  the  lurm  of  chlorides, 
aulflites,  or  nitrates  do  not  Interfere. 


57 


To  test  solution  containing  cs .  ^  mg  of  K/al, sufficient  aicofu)!  is 
added  (methyl  or  ethyl)  so  that  Its  final  concentration  in  the  solution  Is  ^0^. 
The  reagent  for  precipitating  potassium  Ir  prepared  by  dissolving  g  of 
tartaric  acid  in  ^00  ■!  of  vate.«’  and  adding  d  g  of  freshly  distilled  anillrie 
(or  7  g  of  freshly  distilled  pyridine), and  diluting  to  1  liter  vith  alcohol. 

The  reagent  is  added  dropvise, vhile  the  solution  is  continuously  mixed  vith  a 
glass  rod.  When  the  potassium  starts  to  precipitate, the  solution  which 
contaitis  methyl  orange  as  the  indicator  is  colored  red.  Mixing  is  continued, 
and  more  reagent  added  dropvise  until  the  color  of  the  Indicator  changes  to 
yellow  and  does  not  change  on  adding  more  reagent.  The  potassium  bitartrate 
which  precipitates  is  allowed  to  stand  for -2  hours.  If  on  standing  the  solution 
again  begins  to  turn  red, this  means  that  precipitation  of  the  potassium  ti- 
tartrate  is  still  continuing  and  it  ia  necessary  to  add  further  reagent  till  the 
color  becomes  yellow.  The  precipitate  is  filtered  through  a  paper  filter  and 
vaahed  four  times  with  alcohol.  The  filter  and  precipitate  are  then  transferred 
back  to  the  beaker  in  which  the  precipitation  was  carried  out.  The  precipitate 
is  dlaaolved  in  30  ml  of  hot  water  -  dO*,  which  on  additl./n  of  ?laOH  becomes 
colored  a  weak  rose  color  when  phenolphtbalein  is  used  as  indicator.  When  the 
potassium  bitartrate  is  dissolved, the  rose  color  disappesre.  The  solution 
obtained, plus  t.ne  filtrate, are  titrated  with  0.03  N  RiOH  to  week  rose  color. 

1  ml  0.05  KaOE  is  equivalent  tc  0.C0195  g  potassium.  It  is  essentlfcl  tuit 
the  alkali  used  be  carhoaate-free .  The  alkali  is  ntandardized  against  chem- 
IcaLly  pure  KCi. 

The  results  given  in  Fig.  1  arc  those  obtained  for  the  precipitation  of 
potassiu.*!  by  aniline  tartrate  in  Irje  presence  of  sodium,  lithium,  end  cu; gne s  1  ui . 
Cl*,  HOa  and  £04’*, end  In  Table  2  results  for  the  precipitation  of  potasriici 
with  pyridine  tartrate  in  the  presence  of  the  same  ions. 


TABLE  1 

Precipitation  of  Potassium  by  Aniline  Tartrate 


Taken  for 
ana  Ivsis 


vlth  •nlllnc  or  pyridine  tartrate^ rrepectiyelyihAS  been  developed. 

2.  The  presence  of  sodlun,  lithiua,  nsgncsiuza,  chlorine,  sulfate  and  nitrate 
doea  not  interfere. 

3.  For  aiaplicity  and  for  comparative  accuracy  of  reaalts,  the  bitartrate 
■etbod  ia  to  be  preferred  to  other  methods. 
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THE  USB  or  A  COBALT  CATALYST  FOR  THE  CETERMINATION  OF 


MABGANESE  BY  THE  IQ^ULFATE  KETUOD 

T.I.Kuxnetsov  and  L.M. Budanova 


The  Biost  vldelj  uB;d  method  for  the  routine  analysis  of  manganese  in 
various  materials  Is  that  In  vhlch  the  manganese  is  first  oxidized  to  the  per¬ 
manganate  Ion  -  Hn04, which  Is  then  determined  either  color Imetr lea lly  or  vol- 
umetrlcally.  This  method  Is  universally  employed  and  a  descrl^lon  of  It  Is 
given  In  many  text  hooks  on  analytical  chemistry. 

Manganese  can  he  oxidized  to  the  Mn04  Ion  hy  means  of  periodate,  sodlxja 
hi smut hate,  and  other  strong  oxidizing  agents.  In  so  far  as  avallahlllty  Is 
concerned, and  for  other  reasons,  the  only  suitable  oxidizing  agents  In  practice 
for  large  number  of  analyses  are  the  i)ersulfates, which  are  constantly  used  for 
this  purpose. 

Unforturiately,  the  persulfates  on  their  own  cannot  oxidize  the  lover  valency 
s^tes  of  manganese  to  MnO^  unless  silver  compounds,  which  s't  as  cata lysts,  are 
Introduced  Into  the  solution.  In  order  to  cut  aowu  on  the  use  of  the  expensive 
and  dlff Icultly -a va liable  silver  compound, a  number  of  methods  have  been  described 
which  arc  reported  to  be  suitable  for  the  oxidation  of  manganese,  and  In  which 
only  very  small  amounts  of  silver  have  been  used  [ll,  or  silver  Is  not  employed 
at  all  [2]. 

Practical  tests, however,  shoved  that  these  methods  are  very  unreliable  In 
•many  cases, so  that  they  have  not  been  widely  accepted  In  practice. 

Experiments  vhlch  we  have  carried  out  have  shown  that,  for  the  oxidation 
of  manganese  by  persulfate^ It  Is  not  only  silver  compounds  which  can  act  as 
catalysts. 

Cobalt  compounds  are  very  good  catalysts;  copper  end  iron  compounds  arc 
not  so  good.  This  fact  explains  why  In  certain  instances  manganese  can  be  ox¬ 
idized  even  In  the  presence  of  only  small  a-sounts  of  silver,  or  sometimes  even 
In  the  complete  absence  of  silver.  Oxidation  occurs  In  these  cases  because  the 
substances  accidentally  contain  a  fortuitous  combination  of  elements  which  act 
catalyt ically.  For  other  substances,  however ^ In  which  the  composition  Is  dif¬ 
ferent,  the  variants  of  the  persulfate  aiethod  suggested,  In  which  Insufficient 
allver  Is  used, give  completely  unreliable  results.  The  catalytic  action  of 
cobalt  compounds  which  the  authors  have  found  Is  completely  reliable, and  enables 
allver  compounds  to  be  replaced  In  the  analytical  determination  of  manganese  by 
the  persulfate  method 


Cobalt  Compounds  Aa  Catalysts 

The  oxidation  of  persulfates  has  some  characteristics  which  will  be  de¬ 
scribed  by  the  authors  In  detail  elsewhere. 

I^rsulfates  *  containing  the  anion  which  acts  as  the  oxldiser  -  can 

rapidly  oxidize  catlona^hut  they  react  only  alovly  with  like-ci^rged  ar.lona. 
Quadrivalent  man^pceae,  and  even  more  so  manganese  in  the  higher  valency  stataa, 
under  the  experimental  condltyions  la  present  In  solution  aa  the  anion, and  It  is 


th«refoie  not  oxlllzed  al-tctly  by  p^rsilfavfR  with  sufflcU  r.  rapidity. 

In  Older  to  achl've  u  rapid  rate  of  reaction  the  presence  of  cr-alysts  which 
foi-ni  catlonr.  producing  a  strong  oxidising  action  Is  csuentlal.  The  -cle  of 
the  catalyst  thus  rcduceu  to  that  cT  nn  Intermedlatf  between  t.*.e  pt-rsulfates 
■  od  the  compounds  of  manganese  being  oxidized.  In  the  case  cer.s Idered,  tnerefore, 
the  role  of  catalyst  can  be  fulfilled  by  any  elcn»“nt  which  gives  :  lee  to 
cations  which  in  the  lower  valency  states  are  capable  of  telrg  easily  oxidised 
by  persulfates^  and  In  the  higher  valency  states  act  as  strong  oxidlslr,g  agents. 
Silver  and  also  cobelt  are  suitable  eletcent8,a8  is  apparent  f .  or  the  normal 
oxidation  -  reduction  potential  of  the  respective  systems. 

The  capacity  of  trlvalenc  cobalt  compounds  of  exhlbitlr.g  strong  oxidising 
•ctlor.  la  well  kno'/n.  This  is  noted  In  analytical  text  books  [3]  and  else¬ 
where.  Tixf  reversible  changes  of  cobalt  between  Its  different  valency  'tates 
occur  so  rapidly  that  a  number  of  cohalt  compounds  can  function  as  oxygen 
carriers,  e.g.,  just  like  neao^lobln  (a). 

EDCPERMNTAL  WORK 

In  the  experimental  work  the  catalytic  action  of  cobalt  was  compared  with 
that  of  silver, and  the  results  obtained  compared  with  those  obtained  in  the  ab¬ 
sence  of  a  catalyst.  The  experiments  were  carried  out  under  conditions  similar 
to  those  emploi'ed  for  the  detemloct Ion  of  cangnnese  by  the  silver  persulfate 
method. 

Into  a  conical  250  ml  flask  vere  Introduced  respectively  0.002-0.01  g  cf 
manganese  as  a  standard  pjlutlon  of  nangnnese  sulfate  containing  0  3  -g/ml  of 
Ma,  and  15  ml  of  an  acid  mixture  [600  ml  dilute  H2S04  ml  of  sp. 

oT.  l.^,and  125  ml  of  phosphoric  acld.sp.^T*.  1.7).  Cobalt,  lro.’;,br.d  th*  ^ther 
elements  or  Ingredle.tts  whose  effect  It  is  required  to  study  are  tx.en  f  cue?.  Ir. 
the  form  of  their  respective  solut ions,  r  nd  the  volu:>j  flriQlly  zf*d^  up  tc.  1^0-150 
ml  with  water.  After  the  mixture  has  been  heetea  tc  Dolling, 20  ul  of  a  sol¬ 

ution  of  aanonlam  persulfate  (or  5  5  of  potass  lam  ^  -rsulfatc)  Is  ft-deut^ftcr 
which  the  mixture  Is  bollea  for  another  two  mlnuU*.*-  .  It  Is  then  cocle^  and 
after  the  addition  of  10  ml  of  dilute  (1:3)H2S04,  t:-r  permanganate  for.3«:v.  Is 
titrated  as  usual  with  nitrite  -  arsenite  mixture,  •  Ithout  the  aiid.'tlcn  jf  Nfl^'l. 
The  results  obtained  during  an  investigation  of  the  catalytic  action  o:  varlour 
elements  are  given  *n  Table  1. 


TABLE  1 

The  Catalytic  Action  of  Vorlour  El^'mentc, 

For  the  oxidation  of  with  ammonium  persulfate  In  150  mi  of  Swl-tlon 

containing  5.0  of  Mn,  0. 1  mg  of  catalyst  (calculated  on  the  element  15  ml 
of  acid  mixture,  and  20  ml  of  ammonium  persulfate  were  added.  TtW'  :  Ixturc 
was  boiled  for  2  minutes. 


No.  of 
expt. 
1 
2 


Catalyst 


TI 


oxidized  to  Mn04 


5 

xt 

11 


No  catalyst 
[Ag-NOa; 

C0SO4, 

ICuSO^;  ^ 

.Fe2 (504)3! 
(HgCl)(HgCl2) 
nx  iNiSO^) 

Cc  [O2(S0.)3l 
V  v^(h{io.)2  , 

Mo  r(NH4)2Mo04*UMj03«H20] 
B1  B1(N03)3 
Pb  ( (CH3C00)2PbI 


0 

96.3 
100.0 
60.0 
75. C 
0 
0 
0 

■  8 
0 
0 


6? 


The  effect  of  vanadium  and  molybdenum  Is  Interesting.  Those  elrroents  are  not 
eatalyatfl  thcaselvee,  but  vhen  they  are  present  alaultaneoasly  with  cobalt,  the 
formation  of  permanganate  is  more  rapid  thian  vt)cn  cob'ilt  !8  uteu. 

The  effect  of  the  elements  which  act  cotalytlcally  (Ag,  Co,  Cu,  Fe)vas  also 
•tudled  for  varloua  mant^aneac  contents.  The  results  obta Incd, which  are  given 
In  Table  2, show  that  it  Is  cobalt  and  silver  which  are  the  best  catalysts  for 
the  process. 

TABLE  2 

Comparative  l«tarmlnat ion  of  Manganese  in  Pure  Solutions  Using  Various  Catalysts 


Volume  of  solution  1^0  ml.  0.1  mg  of  catalyst  (calc,  as  the  element),  13  ml  of 
acid  mixture,  20  ml  of  23%  ammonium  persulfate  are  added.  The  mixture  is  boiled 

for  1-1.3  minutes. 


Mn 

taken,  in 
mg 

Mn  fo’und.in  mg 

Catalyst 

Ag  1 

1  Co  j 

[  Cu  ♦  Fe 

Cu 

1.60 

1.56  i 

t  1.68  .  1 

!  1.68  i 

;  0.21 

2.56 

2.50  : 

2.45  i 

2.05 

1.52 

5.20 

3.23 

3.30  1 

i  2.82  j 

j  2.20 

U.16 

4.14 

'  4.09 

- 

U.8O 

>*.77 

U.60 

3.18 

- 

6.U0 

6. ho 

o.bO  1 

— 

— 

Results  are  given  in  Table  5  which  Illustrate  t.ne  effect  of  the  preronce 
of  various  elements  often*  present  Ip  steels  and  cast  Iron  on  the  reaction.  In 
these  cases  the  manganese  was  determined  in  the  presence  of  1  g  iron,  latr.'‘duced 
Into  the  solution  as  ferrous  Fulfate. 

TABLE  3 

Effect  of  VarlciS  Elements  on  the  Detenninatlor.  of  Manganese 
by  the  Cobalt-Persulfate  Method 

Volume  of  solution  150  ml.  To  the  soJ.utlon  vere  added  1  g  iron  and  the  test 
element,  13  ml  of  the  acid  mixture,  3.2  mg  Mn.  10  ml  of  0.5%  CoSJ4*7H^0  solution, 
and  15  ml  of  25%  ammonium  sulfate  solution.  The  solution  was  heated  for  1-1.5 
,  minutes  at  the  belling  point. 


No  1 

of 

Amount  of  element  added 
(calcd.  on  the  clement) 

Manganese 

Amount  taken, In  ' 
ng  ■ 

Amount  found, in 

1 

None 

- - M - , 

3.2 

3.19;  3.ro 

2 

Si  5.0  mg 

3.2 

3.29 

3 

P  0.6  mg 

3.2 

3.29;  3.20 

4 

CrU8.8  mg 

3.2 

3.25 

5 

V  1.0 

5.2 

3.19;  3.1? 

6 

Mo  U.8 

1  3.2 

3.20 

7 

Ti  O.lU 

i  3.2 

3.29 

8 

Ti  1.4 

2.  ^8 

8-m 

Tl  1.4 

3.2 

3.20^ 

8-b 

TI  4.2 

1.5;  0.82 

9 

Tl  1.4  Mo  4.8 

I  3.2 

1.14. 

10 

Tl  1.4  >.  V  1.0 

1  3.? 

1  3.13 

2  *&l  of  C0SO4  taken 
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Froa  the  resaltt  adduced  In  Tobir  3  it  la  clear  thnt  the  effect  of  tltaalua 
la  notevorchy.  UDder  the  eipcrlmenlal  cottdlllona,  tlter.lua  apparently  aox^hov 
IlDka  up  vltb  pert  of  tl>e  cobalt  (or  does  not  succeed  in  oxidizing  the  Hr.  ^as  a 
result  of  vhlch  all  the  manganese  present  is  not  oxldlzec  to  Mn04.  If,  however, 
a  large  amount  of  cobalt  Is  taken,  the  oxidation  of  the  uirganrse  proceeds  no.nosl- 
ly  (Table  5,  experiment  8-a ) .  In  the  presence  of  a  combination  of  elements 
Vhlch  accelerate  the  oxidation  process,  of  perhaps  paralyze  the  capacity  of  the 
titaniua  to  link  up  with  cobalt  (e.g.^a  combination  such  ss  Ti  >  V),  tne  manganese 
is  normally  oxidized  even  when  the  amount  of  cobalt  is  nov.  increased.  Ve  also 
observed  that  a  large  amount  of  titanium' hinders  the  deterulnatlon  of  manganese 
by  the  usual  silver  -  persulfate  method.  In  order  to  oxidize  Mn^  to  Mn^4*  success¬ 
fully, It  Is  essential  that  the  acidity  of  the  solution  be  at  a  definite  level, 
and  the  acid  of  a  definite  composition.  This  holds  good  to  practically  the  same 
extent  whether  It  is  silver  or  cobalt  that  Is  used.  When  sulfuric  acid  was  used 
•  lone,  normal  oxidation  of  Kn^to  Mn04”, using  cobalt  as  a  catalyst,  vas  observed  only 
in  solutions  containing  not  less  than  10  ml  of  concentrated  in  100  ml  of 

the  oxidizing  solution.  When  only  phosphoric  acid  vas  used,  good  oxidation  results 
verc  not  obtained,  even  for  a  phosphoric  acid  content  of  15  al  H3PO4,  sp.j-.  1 . 7,  ^cr 
100  ml  solution.  When  a  mixture  of  H2S04  end  H3P04  Is  used,  it  Is  possible  to  get 
good  results  over  a  wide  acidity  rsrAge.  For  a  content  of  K3PD4  (by  volume 

for  acid  of  sp.©:.  1.7), the  concentration  of  H2S04  can  be  varied  between  1.5  and 
3%  (by  volume).  If  the  concentration  of  H3PO4  does  not  exceed  (by  volume), 
then  it  is  possible  to  use  H5G04  at  5^  (by  volume).  A  che-.g?  ir.  concentrat ion 
of  cobalt  within  the  Units  0.7-7  ml  of  C.5$  CoS04*7Hj0  /  100  ml,  end  possibly 
over  an  even  wider  range,  does  not  affect  the  results. 


TABLE  4 


Leterml 

nation  of  .-tancancso  In 

Star.dary  Alloys  by  the  Cooal* 

-P“rcu! 

ffite  .'leti.cd 

No.  of  , 

M.n  content 
!  of  alloy, 

1  Mn  ce 

terr.lne 

expt.  i 

1  Alloy 

1  Catalyst 

No 

I 

_ 1 _ 

•  In  i 

I  Co  Co4.Nl 

cat**  iyst 

1  1 

Cast  Iron  17-c 

;  1.5T 

1.60. 

1.62 

— 

Cast  iron  65 

:  2.41  1 

1  2.40  2.44 

- 

- 

3  i 

'  Steel  20  G 

'  0.66 

0.67  ,  0.t5 

L.65 

- 

4  * 

'  Steel  118- a 

;  0.46  1 

0.46  n.47 

0.44 

- 

5 

Steel  150 

1  1 

1  0.85  0.80 

0.81 

- 

6  ; 

■  Steel  66- a 

0.U8 

1  0.50  C.b9 

- 

- 

1  1 

1  Bronze  68 -a 

1.U9 

1  - 

— 

— 

i 

1  Aluminum  alloys 

•  1 

i  1 

1  i 

1 

6 

Normal  69- a 

1  C.tl 

0.60  .  j  0.61 

!  0,61 

- 

9 

Normal  72 

j  0.53 

0.55  0.55 

0.53 

0.50 

10' 

Normal  74 

i  0.22 

0.25; •0.24'  0.2* 

~ 

0.18 

11 

Normal  75 

j  O.bO 

C.59  0.60 

0.-y9,0 

.00  O.UJ 

12 

'  Normal  j6 

1.00 

0.99;  1.05  0.95 

0.99 

0.58 

^  1 

1  Normal  jS 

!  0.68 

0.69;  0.-^  1.05 
0.70  ;  - 

'  0.67 

0.63 

0.28 

•  Allualnun  alloys 

1 

14 

1 

1  j 

;  Alloy  No.  21 

)  0.44 

1  0-'.5 

— 

15 

!  Alloy  No.  24 

;  o.u) 

0.44  }  - 

i  - 

- 

16 

I  Alloy  No.  25 

0.41 

0.40  j  - 

t 

1 

— 
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since  cobalt  coapoundn  arc  '>ai  t’y  AvaliAhie  and  difficult  lea  crop  up  when 
certain  other  elesicnts, such  Sti  tltaniuo^orr  preacot,  lov  couccntrat Iona  of 
cobalt  nuat  be  avoided.  Thia  Ir  poaaltit;  bvcauae  for  analytical  porpoaea 
relatively  expenoive  cobalt  aalta  of  hle'b  purity  art  not  caacntlal  T'echr.lcal 
cobalt  aelte  which  contaio  Si  and  Fe  arc  coa^Utely  ca tlafactory;  of  coorae 
the  aalta  auat  be  checked  for  the  abacncc  of  tnangane-se.  The  preacrce  of  Nl 
aalta  la  even  beneflclali  since  the  green  color  of  the  clckel  aalta  la  aupple- 
nentary  to  the  rose  color  of  the  cotalt  salts, and  a  solution  containing  both 
cobalt  and  nickel  in  the  ratio  1:>  (calculated  on  the  oetala)  generally  appears  , 
colorless. 

Aa  Indicated  at  the  beginning  of  the  article,  in  aoaie  cases  when  catalytl- 
cally  active  eleoenta  arc  fortuitously  pre;ient  iu  the  tent  object, nangar.eae 
can  be  oxidised  by  persulfate  even  without  the  addition  of  a  special  catalyst. 
Baturolly, results  obtained  In  the  aoaenc'  of  catalystr  cannot  be  regarded  aa 
reliable. 

1 

Results  for  the  determination  of  ’rangsucae  In  standard  sample^  ("normals") 
by  the  procedure  outlined  below  ar»»  glv-.i  in  Table  U,  together  with  reaulta  fbr 
some  of  the  salts  when  no  catalyst  va.^  u  «ea. 

From  these  results  it  is  clear  :,c<»  unrcl  laMe  deters  1  tat  lone  wlthr.ut  e 
catalyst  are. 

Detemlnatiop  of  Mor.gar\e *..*r  Cohalt  Persulfate  Method 

The  method  Is  applicable  in  z*isri~  where  the  silver-persulfate  car. 

be  used.  Catalysts  1,  la,  and  It  aci  Ir  tl.c  same  vay,but  mixed  catalysts 
are  more  convenient  because  they  ac  ’ici  po^i'ess  the  rose  color  which  is  character¬ 
istic  of  solutions  of  cobalt  salts 

Reagents  Required 

1)  Cobalt  catalyst:  0.5^  solution  of  CoS04*7H20  In  woter^. 

la)  Cobalt-copper  catalyst:  an  aqueous  solution  containing  0.>^  CoS04*7H?0, 
and  CUSO4 *51120. 

lb)  Cobalt-nickel  catalyst:  aqueous  solution  containing  0.5i  CoS04*Tna0, 

•nd  1.5>  N1S04-7H20. 

2)  Acid  mixture:  to  6OO  ml  of  dilute  ^1:5)  !•  added  250  ml  hKO^f  ap* 

gr.  1.20,  and  125  ml  phosphoric  acln,  6,-.gr.  1.7.  Nitric  acid.  sp.  gr.  l.u,  la 
used  for  preparing  the  acid  mixture  for  copper  and  aluainam  alloys. 

3)  Ammon lua  persulfate  -  solution, 
k)  H2SC4  -  dilute,  1:3. 

5)  Standard  solution  of  arsenl'e-” i*TJ^e  mixture.  It  la  ataridardi ted  agalrat 
a  standard  alloy  by  method  de8crli>ed  below.  Tltretlona  can  be  made  with 
either  sodium  araenlte  or  sodium  thlosul . 

Anfe!>-t1cn^  Pr">^edure 

The  test  sample, which  prefersb.y  d>  not  contain  aorr.  than  0.01  g  of 
manganese,  la  dissolved  In  25  ml  of  tt^  ^cia  mixture.  Vber.  uolutlon  Is  complete, 
oxides  of  nitrogen  are  exnellcd  by  boiling,  af^er  which  tt/*  solution  is  diluted 
with  water  to  I50  ml.  Ten  ml  of  the  C'ita.yst  solution  is  added  and  the  mixture 
heated  to  boiling.  25  ml  of  the  pe*rs>il2Hte  solution  Is  then  added  carefully  to 
the  boiling  solution  and  t)ve  whol**  uclled  ju  sgain  and  the  boiling  maintained 
•  for  1-2  mlAutes,  after  which  it  Is  «tocd  in.  a  warm  place  until  all  the  per¬ 
sulfate  has  decomposed.  The  solution  is  cooled  in  running  water, and  after 

Technical  cobalt  salts  which  hHv».  ter  .  checked  for  the  absence  of  mangaoeae 
can  be  ueed  for  the  preparation  of  thr*  cobalt  catalyst,  as  well  as  cobalt  com¬ 
pounds  extracted  from  residues  obtatnei  during  the  determination  of  cobalt  by 
thi'  nitroao<-  b  ^oaphthol  method,  electro lyt teal ly,  or  by  other  methods. 


iddltloD  of  10  ■!  of  (lO)  1^  iB  titrated  with  the  arecnlte-nltrUe 

Bixtura  without  addition  of  RaCl  at  la  uaaally  done  when  working  with  aiivcr 
caUIjata. 

SUMKARf 

Cobalt  can  be  used  aa  a  catalyst  Instead  of  silver  for  the  oxidation  of 
^ao^neae  by  aeaonlum  or  potasalun  persulfate  to  pemangarjate, which  is  subsequent¬ 
ly  detenained  color ijoetr Ice lly  or  voluaetrlcally. 

The  procedure  for  carrying  out  the  oxidation  and  the  aethod  of  determining 
tba  peraangaatte  thua  formed  reaalns  the  saae  os  when  sliver  is  used. 

In  alcv  of  the  small  amount  of  cobalt  salt  added, especially  if  It  is  added 
in  adAlxture  with  nickel  or  copper, the  test  solution  does  not  have  the  ususl 
rote  color  aaaociated  with  solutions  of  cobalt  salta. 
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THE  DETEPM’^NATION  OF  PRIMARY  ALCOHOI^ 


L.R. Petrova 


All-Unloo  Research  Institute  of  Synthetic  and  Natural  F^rfunes 

(Glavparfyumera ),  Moscow 


The  aethod  of  estimating  alcohols  by  acetylation  with  pyridine  solutions 
of  acetic  anhydride  has  been  known  for  a  long  time  [l].  This  net^d  Is  baaed' 
on  the  acetylation  of  an  aliquot  of  the  teat  alcohol  with  an  accurately  measured 
-  Tolume  or  weight  -*  amount  of  the  acetylating  agent,  with  subsequent  determination 
of  the  excess  acetic  anhydride  by  titration. 

The  study  which  ve  made  of  this  method  for  the  determination  of  alcohols 
showed  that  by  Introducing  a  number  of  changes  It  la  possible  to  increase  Its 
accuracy  for  primary  alcohols,  and  to  make  It  cultaoie  lor  the  determination 
of  low  molecular  weight  alcohols  and  their  aqueous  solutions, and  also  to 
simplify  the  analytical  procedure. 

Primary  alcohols  can  be  quantitatively  acetylated  In  one  hour  at  room 
tempe Future, 80  that  the  usual  heating  le  unnecessary.  This  fact  enables  the 
acetylating  method  to  be  used  for  the  determination  of  volatile  alcohole  and 
mixtures  containing  water.  The  accuracy  of  the  determination  depends  on  the 
accuracy  with  which  the  acetylating  mixture  can  be  measured  out.  For  this 
purpose  It  Is  most  convenient  to  use  a  pipot  provided  with  a  two-way  tap. 

During  the  study  of  the  possibility  of  acetylating  in  the  cold,ve  discovered 
some  peculiarities  In  the  behavior  of  individual  alcohols.  Methyl  alcohol  If 
acetylated  quantitatively  In  5-10  minutes*,  the  excess  acetic  anhydride  does  net 
play  any  role.  Of  all  the  primary  alcohols  tested,  ethyl  alcohol  was  the  most 
difficult  to*  acetylate.  When  ethyl  tlcohcl  Is  being  determined  it  is  essential 
t.hat  the  amount  of  acid  used  up  In  Tors^ing  the  ester  should  not  be  greater 
tlmn  25^  of  the  total  amount.  For  aqueous  alcohol  solutions,  a  two-liour 
acetylation  period  is  necessary;  phenols  are  acetylated  quantitatively , but 
also  require  a  greater  reaction  time  (2  hours).'  Primary  alcohols  b^vlng  a 

double  bond  In  the  2,3 -posit Jot  are  acetylated  at  a  slower  rate  than  the 
saturated  alcohols,  so  that  2  hours  is  also  necessary  for  them  to  react  complete¬ 
ly.  Secondary  alcohols  In  pyridine  at  room  temperature  are  not  fully  acetylated. 
Tertiary  alcohols  In  general  do  not  react,  therefore  the  presence  of  tertiary  al¬ 
cohols  does  not  Interfere  with  the  determination  of  primary  alcohols. 

Results  for  the  determination  of  primary  alcohols  are  given  in  Table  1, and 
for  aqueous  alcoholic  solutions  in  Table  2. 

OFERIMEliTAL 

To  an  aliquot  of  the  teat  alcohol  weighing  0.005-0.008  mole,  contained  In 
'A  flask  fitted  with  a  ground  glass  stopper, is  added, by  means  of  a  plpet  with  a 
two  way  tap,  3-^  al  of  the  acetylating  mixture.  The  acetylating  mixture  la 
prepared  by  mixing  one  part  of  acetic  anhydride  with  three  parte  of  pyridine. 
After  standing  for  one  hour  (or  two  hours  for  unsaturatei  alcohols  and  phenols), 
20  ml  of  hot  water  la  added  to  the  contents  of  the  flask  and, after  cooling, 20- 
25  ml  of  0.5  N  alkali  added  by  means  of  a  plpet, in  order  to  neutralise  the  bulk 
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of  tha  add.  The  rest  of  the  acid  Is  then  titrated  sgalDst  the  j.t;  N  alkali  In 
o  buret|UslA4  p^oolphthalolo  as  ao  indicator.  ^ 

•  TABLE  1 


Results  for  the  Deteraloatlon  of  Prloary  Alcohoir 


Bo. 

Alcohol 

found,  %  of  I 
that  origin¬ 
ally  taaer 

No. 

Alcohcl 

Found,  f  of 
!that  origin- 
jaiiy  taken 

I 

Methyl  alcohol 

100.2 

10 

Octyl  alcohol 

i  99.35 

2 

Methyl  alcohol 

99.15 

11 

Benzyl  alcohol 

1  100.00 

3 

Ethyl  alcohol 

100.1 

12 

Phet^ylethyl  alcohol  100.2 

k 

Ethyl  alcohol 

100.7 

13 

1  99.97 

5 

Propyl  alcohol 

100.1 

Ik 

Cinnamic  alcohol 

1  99.2 

6 

9^.8 

15 

•t  If 

90.0 

7 

laobutyl  alcohol 

100.5 

16 

Geranlol 

:  90.1 

6 

laohutyl  alcohol 

100.0 

17 

Decauediol 

;  90.9 

9 

98.6  I 

1 

(Penaentatlon) 


TABLE  2 


Results  for  the  Analyses  of  Aq  ceoub  Alcoholic  Mixtures 


Bo. 

Alcohol  used 

Concentratior.,  ir.  ^ 

[  Taken 

Pound 

I 

Methyl  alcohol 

50.8 

51  3 

2 

Ethyl  alcohol 

l8.0 

18.3 

3 

Ethyl  alcohol 

*•9.9 

ky,k 

k 

Propyl  alcohol 

20.2 

21.2 

5 

Propyl  alcohol 

^9.9 

50.9 

» 

A  blank  le  done  In  exactly  the  same  vuy.  The  differences  in  tlv*  litres 
glres  the  aaount  of  alcohol  present;  1  ml  of  0.5  N  alkali  Is  equivalent  to  C.5 
olIllBOle.  ofialcohol. 


If  a  volatile  alcohol  or  nlxturea  containing  volatile  componecte  ar^  t,->  he 
analyxed^e.g.,  the  dctenalnatlcn  of  an  alcohol  In  ethyl  acetate  or  chlorofora, 
then  they  are  Introduced  Into  a  velghed, stoppered  flask  already  containing  the 
acetylatlng  alxture.  When  mixtures  containing  aldehydes  are  titrated,  vhe  rose 
color  tends  to  fade.  Titration  must  be  carried  out  until  a  stable  red  color  is 
obta Ined . 
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CRITICISM 


A.A.Cherepeolkov. *  "BAOdbook  on  tbe  Testing  and  Aoaijrals  of  Natural  Gaa**, 
Noacov,  State  Geol.  Preaa,  19^1.  P^ffea,  ^000  coplea,  Price  7  niblea,  10  kopecka. 


Tbe  atudy  of  natural  gaa  la  becoQlng  of  ever  increaalng  practical  lAportaoce 
aa  a  raault  of  tbe  exceptionally  rapid  developaeat  of  a  nuiber  of  branches  of 
the  national  ecooooy.  Serious  attention  was  given  to  the  developoent  of  tbe 
gaa  industry  in  the  directives  of  tne  ZIX  Congress  of  the  Coesaunist  Pirty  of  the 
Soviet  Union. 

'  In  the  light  cf  these  decisions, tbe  preparation  of  new  cadres  of  gas 
operators,  the  further  developcaent  of  gas  analysis,  and  the  introduction  into 
the  most  diverse  branches  of  Industry  of  beslc  methods  for  testing  and  analyxlng 
gases, liCive  become  practically  acute  problems. 

Hitherto  the  number  of  textbooks  which  collect  together  all  the  testing 
methods  for  gases,  and  can  be  of  help  to  various  specia lints  Interested  la 
this  branch  of  knowledge  has  been  completely  insufficient.  From  this  point  of 
view  tl-ercforc  we  must  welcome  the  appearance  of  '*Haridbook  on  the  Teatlng 
and  Analysis  of  Katural  Gas*',  which  has  teen  written  by  A  .A .  Tberepenlkov,vho  can 
truly  be  considered  as  one  of  tl.e  oldest  and  most  experienced  Investigators 
of  natural  gaa  In  the  Soviet  Union.  A  large  number  of  original  articles  hcve 
come  from  his  pen  in  which  methods  for  the  determination  of  indlvldoal  gases, 
and  tbe  natural  gaa  resources  of  various  regions  in  the  USSR, have  been  nescrlbed. 

The  questions  dealt  with  In  this  took  transcend  the  limits  of  interests  of 
'thealata  and  testers  working  on  the  study  of  natural  gas",a6  the  author  him¬ 
self  points  out  In  hla  Introduction^ and  should  interest  a  wider  circle  of 
readers  than  A.A.Chorepenlkov  intends.  Thus,  this  book  will  undoubtedly  get 
attention  from  workers  In  various  branches  of  science  and  practice. 

The  .teaaeda  on  books  of  this  kin'' with  respect  to  coci  leteness  are 
particularly  high;  in  addition  they  must  be  completely  up  to  date  with  respect 
to  contemporary  methods  end  techniques  of  gas  analysis. 

Unfortunately, the  textbooks  which  have  been  published  on  this  aubject 
suffer  from  a  number  of  defects  which  considerably  lower  t^v'ir  practical 
value.  In  this  connection  A .A.Cberepenlkov* a  book  Is  no  exception. 

In  discussing  the  book’s  drawl>ack8  we  oust  first  of  oil  point  out  that  It 
Is  not  full  enough.  Thua,  In  the  chapter  on  ’'Methods  of  Testing  Natural  Gas", 
in  obaervlng  that  It  is  essential  to  sweep  out  tbe  apparatus  with  gaa,  the 
author  does  not  Indicate  how  much  gas  should  be  used  for  this  purpose;  and  when 
describing  the  necessity  of  heating  vessels  when  producing  a  vacuum,  he  does 
not  say  for  how  long^or  at  what  teapersture.  Ve  consider  thet  in  s  textbook 
deslgzved  to  serve  as  s  reference  book.  It  Is  not  penalsalble  to  writa*.'>i  tubs 
of  the  respective  diameter''  (p.  16);  '*the  smallest  possible  Internal  dlaaeter” ' 
(p.  17)  etc..  Slmilsrily,  In  a  b^ndbook  it  is  not  usual  Just  to  nentlon  the 
principle  underlying  some  particular  technique  or  method, as  the  author  does  In 
tha  ease  of  an  apparatus  for  hermetically  sealing  the  mouth  of  t.he  bore  hole 
designed  by  M.N.Vorobev  (p.  6),  or  in  his  description  of  s  method  of  opening 
and  sealing  up  vessels  with  "spark"  gas  (p.  21), and  in  many  other  places 
throughout  tbe  book.  The  description  of  such  Important  apparatus  as  samplers 
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•hould  Dot  be  lubttltuted  by  references  to  the  euthort*  Lanea  without  •!;> 
indlcetloat  of  the  literature  (p.  13,  et  al),  which  incidentally  appears  .nly 
Tcry  aeldoa  In  the  bibliography  at  the  present  tine. 

In  the  section  dealing  with  the  docuaentation  of  testa  the  author  confines 
himself  to  listing  the  questions  of  registration  cards  when  hr  should  br'ng 
forward  the  typed  fora  of  card. 

The  section  'Itothods  of  Chemical  Analysis  of  Natural  Gas'*  also  contains  a 
number  of  general  and  Indefinite  instructions.  C.g.,  "the  method  for  the 
determination  of  BsS  by  sbsorptlon' In  a  solution  of  cadmium  acetate  and  chloride, 
vith  subsequent  decoapcaltlon  of  the  cadmium  sulfide  formed  with  HCl,  end  iodo- 
metric  titration  of  the  H^S  erolved"'  p.  37»  !•  given  without  a  deacriptlon  of 
the  apparatus,  preparation  of  reagents,  or  the  necesaary  calculations  Tt  Is 
veil  known  that  the  preparation  of  baryta  water  for  the  absorption  of  a  *rtall 
amount  of  CO2  la  quite  complex.  The  author  (  pd)  has  only  this  to  say  ''>•11 
precautions  should  be  taken  to  prevent  the  solution  Iroa.  romlng  into  cci.tact 
with  the  atmosphere".  It  is  obvious  that  such  Irstructlons  are  not  enough  for 
the  preparation  of  the  solution.  The  same  can  oe  said  about  the  preparation  of 
palladium  black  (p.  6),  the  removal  of  xcrose'ie  from  metallic  colclum  .  92), 
aud  the  preparation  of  pentant*  bcths  (p.  85), etc.. 

There  are  no  indications  how  to  deteralno  the  density  or  the  calor. 'Ic 
value  of  natural  gas. 

Similar  inaccuracies  occur  In  many  places  througliout  tne  bO'jk.  Th^-  reader 
la  ccxipelled  to  look  for  definite  answers  to  the  practical  questions  brc'ight  up 
In  A .A.Cberepcnlkov' s  book  In  other  textbooks  on  various  branches  of  ancvledge. 
The  author  doei  not  cose  to  the  reader' s  help  In  hls  search  -  there  are  :.o 
bibliographical  references.  An  understanding  of  many  of  the  questions  relating 
to  the  apparatus  Is  .-endered  difficult  by  tt^e  absence  of  the  requisite  •ilograns 
and  aketchea.  (pp.  Ill,  112  etc.). 

The  greatest  drs whack  Is  t.he  absence  of  a  description  of  a  large  r.  xber 
of* methods  for  testing  snd  analysing  gases,  which  are  widely  used  In  pr»  otlce 
but  aiv  not  used  by  the  author  himself  In  hls  particular  work.  By  conf : nlng 
himself  to  giving  descriptions  of  only  the  work  and  apparatus  used  in  h.i  own 
laboratory,  A.A.Cherepenikov  in  our  opinion  has  i&ade  bis  book  poorer  tlu^n  it  need 
be.  This  la  particularly  evident  in  the  sections  dealing  with  the  determination 
of  Individual  hydrocarbons,  micro  a^'id  semtsnlcro  gas  analysis,  and  th  ^eter- 
mixtftlon  of  the  inert  gases. 

Other  factore  which  lover  the  practical  value  of  the  book  are  the  small- 
neaa  of  the  chapter  devoted  to  •Some  practical  hints",  end  the  absence  of  a 
number  of  essential  reference  tables.  Th.;  material  in  this  part  of  the  took  Is 
completely  Inadequate  and  Is  of  a  rather  haphaxard  character. 

The  experience  of  publishing  A.A .Cherepenlkov' s  book  and  also  of  olher 
■  Imilmr  books  shows  that  bringing  out  a  really  good  handbook  which  give*  a 
complete  coverage  of  all  the  fundamental  questions  of  gas  technology  Is  > 
particularly  difficult  task,  and  in  our  opinion  la  a  problem  which  can  .  uly  be 
Mtiafactorlly  solved  by  collaboration  of  a  number  of  authors. 

The  obvious  necessity  of  publishing  such  a  book  on  gas  anii lysis  impels  us 
to  draw  tlk»  attention  of  Scientific  Societies  to  the  problem  of  compilation  and 
publication  of  auch  a  book. 


M.G. Gurevich  and  K.P.Florensky 


Bovember  12,  19^2. 
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BEV  REACSINTS 


WATER  SOLUBLE  SULTONPUTHA^IN  IRDICATORS 


Rev  v«t«r*eoIuble  sulfonphthalelo  Indicators  have  been  proposed  by  the 
Inatltute  of  Chemical  Reagents  for  the  colorimetric  determination  cf  pH. 

These  soluble  indicators  change  their  color  for  the  same  pH  changes  as 
the  usual  solfonphthalein  indicators. 

Ko  alcohol  or  standard  alkali  la  necessary  for  the  preparation  of  their 
solutions.  The  indicator  solution  is  prepared  by  dissolving  0.1  g  of  the  solid 
voter  soluble  sulfonphthaleln  in  100-2^0  nl  of  distilled  water. 

The  sdvsntagesof  these  vater-soluble  indicators  as  compared  to  the  ordinary 
tjTje  are  obvious . 

"Glavkhlmreakt iv"  Issue  the  following  water  soluble  indicators: 


pH 

Thymol  Blue  .  1.2-2. 8 

.^.0-9.6 

Bromplianol  Blue . 5. 0-1*. 6 

Broacresol  R:rple . 2-^.6 

Bromthymol  Blue . 6. 0-7. 6 

Penol  Red . ^.l*-8.2 

Cresol  Red  and  others . 7.0-8.O 
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